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Abstract
This body of research reviewed the first 36 years groundwater remediation at the St. Regis Paper
Company Superfund Site. Thus far the remediation has not been effective at protecting human
health and the environment. Available geologic cross sections of St. Regis Paper Company
Superfund Site show the two gravel aquifers, but these investigations are non-conclusive about
the constancy the clay confining layer. If the confining layer is discontinuous it could be
affecting the groundwater flow as well as pollution spread between the aquifers. The existing
2016 groundwater model of the St. Regis Paper Company Superfund Site showed how the pump
and treat extraction wells are capturing part but not all of the groundwater pollution. In 1985
when the St. Regis Site Superfund clean-up effort began, the pump and treat extraction wells
near were planned where the disposal lagoons and landfills were located during the time of
operation. A 2015 soil studies of the St. Regis Paper Company Superfund Site showed that the
most polluted soil was not just in the former disposal lagoons and landfill areas. ESRI’s ArcGIS
Hydrology Spatial Analyst Toolset was utilized to show the major stream drainage influents at
the St. Regis Paper Company Superfund Site. This research found that the areas with most
polluted soil unfortunately are located where water will gather and drain to due to the topography
of the St. Regis Site. the non-remediated soil continues to contribute to the groundwater pollution
as precipitation leads to the pollution in the soil to leach into the groundwater. These early
assumptions about the locations of the contaminated areas have limited the site remediation ever
since. This study recommends the EPA and the Potentially Responsible Parties engaged in
remediation should consider other methods of groundwater and soil remediation at the St. Regis
Site. Technology and remedial capabilities have improved greatly since 1984. There are many
more options for remediation, including some that are much more affordable and effective than
the pump and treat method.
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Chapter I: Introduction
Over the past four decades, toxic substances like creosote and pentachlorophenol have
had legally restricted production and distribution, and dioxins like polychlorinated biphenyls
have become illegal to manufacture. Unfortunately, their historical use has left areas of pollution
that are still causing health problems for people today. Former industrial sites harbor these
persistent organic pollutants that continue to exist in the environment in soils and water for
several decades (Kovner, 2016). Ideally, contaminated sites would be cleaned to ensure public
and environmental health but due to the high cost of clean-up and weak legal regulations,
persistent organic pollutants problems at many sites go unaddressed for decades, such as the St.
Regis Paper Company Superfund Site. This research addresses the 63 years of soil and
groundwater contamination at the St. Regis Paper Company Superfund Site and suggest ways of
improving the remedies that have failed to remove these dangerous persistent organic pollutants.
Background
History of Site Operations. A wood treatment facility operated from 1957 to 1985 in
Cass Lake, Minnesota. Cass Lake is located in the western central portion of the Leech Lake
Band of Ojibwe Indian Reservation in Cass County, Minnesota (Figures 1.1, 1.2, 1.3, and 1.4).
The St. Regis Corporation’s Wheeler Division started a treating wood on land leased from the
Burlington Northern Santa Fe Railway Corporation (hereafter BNSF) in 1957. Over time they
expanded their operation to the Superfund site’s current boundaries by purchasing land south of
the leased facility (Human Health and Ecological Risk Assessment Work Plan, 2004; Public
Health Assessment Groundwater, Surface Water, and Sediments at the St. Regis Superfund Site,
2005; Health Consultation: Final Edition St. Regis Paper Company Site Community Health
Concerns and Health Outcome Data Review, 2007). “In January 1985, Champion assumed
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ownership of the St. Regis Paper Company property by merger” (Human Health and Ecological
Risk Assessment Work Plan, 2004).

Figure 1.1. Cass County, Minnesota – Locator Map created by the author based on a map from
“St. Regis Paper Co. NPL Site Operable Unit Map,” 2016.
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Figure 1.2. Native American Land Cessions Treaty Boundaries in Minnesota Map – Location of
the Leech Lake Band of Ojibwe Indian Reservation inside the yellow square (Slightly modified
from Anderson, 2016b).
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Figure 1.3. City of Cass Lake, Leech Lake Band of Ojibwe Indian Reservation, Minnesota (Map
created by the author based on map from Anderson, 2016a).
Several documents detail the history of the St. Regis Paper Company Superfund Site.
One document is Health Consultation: Final Edition St. Regis Paper Company Site Community
Health Concerns and Health Outcome Data Review, which was created by the Minnesota
Department of Health under a cooperative agreement with the U.S. Department of Health and
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Human Services Agency for Toxic Substances and Disease Registry in 2007. This will hereafter
be referred to as Health Consultation, 2007. A similar document is Health Consultation: St.
Regis Superfund Site Public Comment Release from 2003 (hereafter Health Consultation, 2003).
Human Health and Ecological Risk Assessment Work Plan (hereafter Human Health, 2004) was
created by the U.S. Environmental Protection Agency (hereafter EPA) and the International
Paper Company in 2004. Human Health, 2004 also includes several maps that were essential to
the completion of this project. The Project Summary Report November 2005 (hereafter Project
Summary, 2005), created by the EPA, and the Public Health Assessment Groundwater, Surface
Water, and Sediments at the St. Regis Superfund Site (hereafter Public Health, 2005), created by
the Agency for Toxic Substances and Disease Registry, also give details about the site history.
Subterranean Research’s Hydraulic Capture Zone Analysis (hereafter HCZ Analysis, 2005)
provides information about site hydrology. Am EPA lecture “The Basics” Understanding Light
Non-Aqueous Phase Liquid (NAPL) Behavior in Soil presented in September 2004, offers
understanding about NAPL hazardous waste at the St. Regis Site (hereafter “The Basics,” 2004).
The last document used to detail site history is the Community Involvement Plan St. Regis Paper
Company Superfund Site created by the EPA in 2016 (hereafter Community, 2016).
Creosote was the first wood preservative material used to treat the lumber in 1957 and
was used until the plant was closed by Champion International Corporation in August of 1985
(Health Consultation, 2003; Human Health, 2004; Public Health, 2005; Project Summary, 2005;
Health Consultation, 2007). The northwest corner of the facility’s North Storage Area stored
treated and untreated lumber (Figure 1.4) (Health Consultation, 2007). Starting in 1960
pentachlorophenol (hereafter PCP) began to be used as a pressure treatment chemical for wood
products, usually combined with a carrier solvent, such as number 2 fuel oil (Health
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Consultation, 2007). This treatment process created large amounts of wastewater, which was
discharged into various on-site ponds, Pond A, B ponds, and Pond C, over the years (Figure 1.4)
(Health Consultation, 2007). Sometimes sludge from the storage tanks was taken to the city
dump and burned in the City Dump Pit (Figure 1.4) (Health Consultation, 2007).

Figure 1.4. Former Site Operation Areas Map – created by the author based on data from Figure
1-2 Facility Layout – St. Regis Site (Anderson, 2012; Human Health, 2004). See Appendix C for
larger image.
Some improvements were made to the wastewater treatment system in 1974 when it “was
routed to a primary separation tank, aerated, and nutrients were added” (Health Consultation,
2007). It has also been noted that wastewater was often sprayed on the ground or simply taken
out and dumped in a variety of areas around the property (Health Consultation, 2007).
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During the last five years of operation, from 1980–1985, water was evaporated from the
waste, the remaining residue was placed in barrels and transported “to a hazardous waste
disposal facility out-of-state in accordance with new federal hazardous waste regulations”
(Health Consultation, 2003; Health Consultation, 2007). Various wastes including timber waste,
demolition wastes, chemical containers, and metal scraps were placed in an on-site landfill area
located at the east end of the property (Figure 1.4) (Health Consultation, 2007). Emptied bags of
treatment chemicals were burned in large open-air burners (teepee burners) on the property
(Figure 1.4) (Health Consultation, 2003; Health Consultation, 2007). This treatment facility
property became the St. Regis Paper Company Superfund Site (hereafter St. Regis Site). Figures
1.5 and 1.6 are timelines of former site operations. For a complete timeline of operations
regarding hazardous substance use and disposal, see Appendix B.
CERCLA. The Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) was enacted by Congress on December 11, 1980 (Superfund: CERCLA
Overview, 2017). This law, commonly known as Superfund, created a tax on chemical and
petroleum industries as well as provided broad Federal authority to respond to the release or
threatened release of hazardous substances that may endanger public health or the environment
(Superfund: CERCLA Overview, 2017).
In addition to collecting taxes for site cleanups, CERCLA also places liability onto
parties that are completely or partially responsible for the presence of hazardous substances at
Superfund Sites (“Superfund Liability,” 2017). There can be one or more potentially responsible
parties (hereafter PRPs). This liability is retroactive, so PRPs may be responsible for hazardous
pollution created before CERCLA’s enactment in 1980 (“Superfund Liability,” 2017).
CERCLA’s classes of PRPs are past and current owners and operators of a facility, generators
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and parties that arranged for hazardous waste disposal, and transporters of hazardous waste
(“Superfund Liability,” 2017). These PRPs can be liable for government cleanup costs, damages
to natural resources, costs of health assessments, and paying for site cleanups (“Superfund
Liability,” 2017).

Figure 1.5. Timeline of Site Operations Part 1. For more details see Appendix B. (Modified
from Bubble Chart Timeline Template © 2017 by Vertex42.com)
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Figure 1.6. Timeline of Site Operations Part 2. For more details see Appendix B. (Adapted from
Bubble Chart Timeline Template © 2017 by Vertex42.com)
At the St. Regis Site, the major PRP is the International Paper Company (formerly Champion
International Corporation) with ownership of fifty-eight areas within the St. Regis Site. The
minor PRPs are the City of Cass Lake (ownership of one area within the St. Regis Site), BNSF
Railway Corporation (ownership of one area within the St. Regis Site), and Cass Forest Products
(ownership of one area within the St. Regis Site). The PRP ownership land parcels can be seen in
Figure 1.7.
The EPA and PRPs have spent approximately $24,086,300,000 on Superfund sites from
2004 to 2017 (Superfund Remedial Annual Accomplishments, 2017). The St. Regis Site was
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proposed on September 8, 1983, and accepted and listed on September 21, 1984, to the
Superfund sites. When it was listed, the St. Regis Site was considered a high priority Superfund
site and still is today (Health Consultation, 2007). At the time of the proposal and acceptance in
1984 the site was 0.505857 square kilometers (125 acres). In 2018, the site area is approximately
0.70249 square kilometers (173.6 acres).

Figure 1.7. PRP Ownership Parcels – created by the author based on data from Figure 1-3
Ownership of Selected Parcels – St. Regis Paper Company Site (Anderson, 2012; Human Health,
2004).
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Every Superfund Site follows a ten-step process. First, a site is assessed and inspected.
This assessment and inspection include gathering historical data and using a hazard ranking
system to evaluate site risks (Community, 2016). The second step is to list the site on the
National Priorities List (hereafter NPL) and comments can be sent to the Federal Register
(Community, 2016). Next, a Remedial Investigation/Feasibility Study is started. These are to
determine how the contamination affects human health or ecology on or near the site
(Community, 2016). The fourth step is the Proposed Plan, which includes a 30-day public
comment period on the potential cleanup plans (Community, 2016). Then the next step is the
Record of Decision (hereafter ROD). The ROD contains the chosen cleanup plan and a summary
of all public comments (Community, 2016). Sixth is the Remedial Design/Remedial Action step.
This step includes all the preparations for site cleanup and the creation of a final design
(Community, 2016). This is followed by the Construction Completion step, which consists of any
physical construction needed. This does not necessarily mean final cleanup levels have been
reached (Community, 2016).
Reaching the Post-Construction Completion step indicates that the cleanup provides longterm protection of human health and environment with continued monitoring (Community,
2016). The penultimate step is the NPL Deletion. Arriving at this step means all work at the site
is complete (Community, 2016). During this deletion step there is a comment period open to
assess PRP and community opinions on the deletion (Community, 2016). Finally, once the other
nine steps are completed, the last step of the Superfund process is Reuse. This is a step in which
the EPA works with the community to help return the now clean site to a productive use
(Community, 2016). The EPA ensures that any land use restrictions continue to be met to ensure
human and ecological safety (Community, 2016).
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Even though the St. Regis Site has been on the EPA’s NPL under CERCLA since 1984,
the interim measures that have been taken have not been effective and a more thorough
remediation is needed (Gallo, 2011). Looking at the ten-step process, according to the EPA
record, the soil cleanup is only on Step Four, Proposed Plan (Community, 2016). Officially, the
groundwater cleanup is on Step Eight, Post-Construction Completion (Community, 2016). This is
misleading since all five Five-Year Reviews from 1995 to 2015 have found that the groundwater
is still contaminated after the interim measures taken during Steps One through Seven have not
been effective (Karl, 2015). Current and former residents who lived near the plant have
experienced an increased risk of cancer and other diseases due to unsafe levels of
pentachlorophenol, dioxin, and creosote (Gallo, 2011).
During cleanup of a Superfund Site, it might be divided into distinct areas depending on
the size and complexity of the site (“Operable Units,” 2016). These distinct areas are called
Operable Units or Operational Units (hereafter OUs) (“Operable Units,” 2016). OUs can be
chosen to address specific geographic areas, specific problems, or areas where a specific action is
required (“Operable Units,” 2016). The visible OUs for the St. Regis Site can be seen in Figure
1.8. The description of all the OUs can be seen in Table 1.1, taken from the EPA website.
Need for Study
Dangers of POPs. Coal tar creosote can range in color from amber to black and is a thick
liquid with an oily appearance; it contaminates water and soil from its use in industrial wood
preservation (Public Health Statement for Creosote (Creosota), 2015). Coal tar creosote is
dissolvable in water and can travel through soil into groundwater where it can take many years to
break down (Public Health Statement for Creosote (Creosota), 2015).
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Table 1.1
St. Regis Site Operable Unit Descriptions (“Operable Units,” 2016)
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Figure 1.8. Superfund Boundary Area -173.6 Acre St. Regis Paper Company Superfund Site,
Cass Lake, Minnesota with 2010 Operational Unit Boundaries (Map created by the author based
on “St. Regis Paper Co. NPL Site Operable Unit Map,” 2016).

Polycyclic aromatic hydrocarbons (hereafter PAHs) compounds are constituents of creosote
(Public Health Statement for Creosote (Creosota), 2015). Both the International Agency for
Research on Cancer (hereafter IARC) and the EPA have determined that coal tar creosote is a
probable human carcinogen (Public Health Statement for Creosote (Creosota), 2015).
In the past, PCP was one of the most widely used biocides in the United States (Public
Health Statement for Pentachlorophenol, 2015). The purchase and use of PCP have been
restricted to certified applicators and it has not been available to the general public since 1984
(Public Health Statement for Pentachlorophenol, 2015). Due to the chemical and physical
properties of PCP, only a very small amount will evaporate and the rest will move with water or
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stick to soil particles (Public Health Statement for Pentachlorophenol, 2015). In terms of
biological effects, “[e]xposure to high levels of pentachlorophenol can cause increases in body
temperature, liver effects, damage to the immune system, reproductive effects, and
developmental effects” (Public Health Statement for Pentachlorophenol, 2015). Additionally,
both the IARC and the EPA have determined that PCP is a probable human carcinogen (Public
Health Statement for Pentachlorophenol, 2015).
The term dioxin is used to reference several hundred toxic chemical compounds that
share certain chemical structures and biological characteristics (Learn about Dioxin, 2017). All
dioxins are members of three chemical families: chlorinated dibenzo-p-dioxins (hereafter
CDDs), chlorinated dibenzofurans (hereafter CDFs), and certain polychlorinated biphenyls
(hereafter PCBs) (Learn about Dioxin, 2017; Public Health Statement for Chlorinated Dibenzop-dioxins (CDDs), 2015; Public Health Statement for Chlorodibenzofurans (CDFs), 2015). Both
CCDs and CDFs are created unintentionally as byproducts from practices like burning of
garbage (Learn about Dioxin, 2017).
The United States has prohibited the production of PCBs since 1977, which must be
manufactured to be created (Public Health Statement for Polychlorinated Biphenyls (PCBs),
2015; Learn about Dioxin, 2017). PCBs are good insulators and do not burn easily, so they were
used widely as coolants and lubricants in electrical equipment before manufacturing was stopped
(Public Health Statement for Polychlorinated Biphenyls (PCBs), 2015). PCBs remain in the
environment for long periods of time because they do not break down. They move throughout
the environment through air particles, dissolved in water, stuck to organic particles, attached to
bottom sediments, or bound to soil particles (Public Health Statement for Polychlorinated
Biphenyls (PCBs), 2015). Aquatic life, such as fish, can absorb PCBs and then bioaccumulate in
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other animals that eat them (Public Health Statement for Polychlorinated Biphenyls (PCBs),
2015).
NAPL is an acronym for Non-Aqueous Phase Liquids, which are hazardous organic
compounds that do not dissolve in water, including chlorinated compounds or petroleum
hydrocarbon products (“The Basics,” 2004; McCaulou, Jewett, & Huling, 1995). NAPLs usually
are divided into the two categories of dense and light (“The Basics,” 2004; McCaulou, Jewett, &
Huling, 1995). Dense nonaqueous phase liquids (hereafter DNAPLs) sink below the water table
since they have a greater specific gravity than water; examples of DNAPLS include chlorinated
compounds like creosote or PCBs (“The Basics,” 2004; McCaulou, Jewett, & Huling, 1995).
Light nonaqueous phase liquids (hereafter LNAPLs) float above the water table and have a
specific gravity less than water; petroleum hydrocarbon products such as PAHs are classified as
LNAPLs (“The Basics,” 2004; McCaulou, Jewett, & Huling, 1995).
Leech Lake Band of Ojibwe. The Leech Lake Division of Resource Management
(hereafter LLDRM) was enthusiastic to collaborate on this study and provided their files and data
as well as access to their Reservation and the Superfund site. John Persell, the LLDRM
Superfund Coordinator, has stated that every time the Superfund site is re-assessed the area of
contamination becomes larger (J Persell, personal communication, April 14, 2017). The Leech
Lake Band of Ojibwe (hereafter LLBO) have expressed that further action is required to clean
the St. Regis Site. This is discussed in further detail in the Literature Review section.
Lack of Funding. Despite the laws and taxes created to fund CERCLA, there are so
many sites on the National Priorities List that the EPA struggles to find the funds to pay for the
cleanups. Figure 1.9 shows how costs of cleanups have been increasing. From 2005–2008, total
annual costs were below $1 billion, but since 2009, 2014 has been the only year with an annual
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cost below $1 billion. Sometimes the EPA forces the PRPs to pay to clean up their sites,
enforcing payment through lawsuits if necessary, while other times the EPA pays more for site
cleanups, as seen in Table 1.2 and Figure 1.10. The high cost of cleanups can create a roadblock
to getting cleanups done.
Between 2004 and 2006, 3,900 tons of contaminated soil were removed by IP, and 680
tons were removed by BNSF Railway at the St. Regis Site (Liedke, 2016; Community, 2016).
Unfortunately, that 4,580 tons was only a fraction of the contaminated soil. The costs of finishing
the soil cleanup at the St. Regis Site are estimated at $7.9 million to $30 million to remove
36,800–111,100 cubic yards (51,520–155,540 tons) of soil (León, 2016b). The costs of finishing
the groundwater cleanup are unknown. This is because a new groundwater remedy is not in the
feasibility study phase where costs would be calculated. In addition, the main PRP, IP, believes
that no additional groundwater cleanup is needed.

Figure 1.9. EPA CERCLA Superfund Total Annual Spending (Superfund Remedial Annual
Accomplishments, 2017)

29
Table 1.2
EPA CERCLA Superfund Spending (Superfund Remedial Annual Accomplishments, 2017)

Figure 1.10. EPA CERCLA Superfund Spending (Superfund Remedial Annual
Accomplishments, 2017)

30
Purpose of Study
The first purpose of this study is to develop a spatial database. This database contains
spatial files about the site borders and area over time as well as geologic, geomorphologic,
hydrography, and climate data about the St. Regis Site. The second purpose of this study is to
create maps of the St. Regis Site. The maps show the site area, climate, geology, and hydrology.
Initially, the third purpose was to use this spatial database to develop a groundwater
model using GIS layers to estimate groundwater flow and predict the area and depth of
groundwater contamination at the St. Regis Site. However, the research revealed that existing
groundwater data at the St. Regis Site is of insufficient quality to build an accurate, usable
model. Instead, the third purpose of this research is to show how the absence of surface
topography consideration is partly responsible for unsuccessful remediation at the St. Regis Site.
Future research and data collection should take surface topography into account before further
remediation steps are planned and executed.
Study Area
The locations of this Superfund site were discussed above and can be seen in Figures 1.1,
1.2, 1.3, 1.4, 1.7, and 1.8. This research has one main study area which is the LLBO recognized
border of the St. Regis Site, which is approximately 1.71247 square kilometers (423.1605526
acres) in area. The main study area is the Superfund Boundary which can be seen as the pink
boundary in Figures 1.4, 1.7, and 1.8 (labeled as the Superfund Boundary in the legend). Within
this study area, there are the seven EPA- and LLBO-recognized Operational Units with a
combined area of 0.70249 square kilometers (173.58879 acres). The study area can also be seen
in Figure 3.1 within the four nearest watersheds from the U.S. Geological Survey, National
Geospatial Technical Operations Center’s Watershed Boundary Dataset.
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Thesis Organization
This introductory Chapter I covers the background, the study area, and the purpose of
study. Chapter II is a Literature Review. The Literature Review covers Similar Superfund Site
Success and Site Remediation Documents. Chapter III Methodology explains the tools,
procedures, and analysis used for this project. The study results are stated and discussed in
Chapter IV Results and Discussion, followed by Chapter V Conclusion with recommendations
for further study. After the chapters are the References and Appendices.
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Chapter II: Literature Review
This literature review will cover three main areas of research. The first section will
explore other Superfund Sites that had similar areas of contamination and how they were
successfully cleaned up. Literature pertaining to the St. Regis Site remediation will comprise the
second section.
Similar Superfund Site Success
There have been other former wood processing Superfund Sites that have been
successfully cleaned and maintained.
Reilly Tar & Chemical Co., Indianapolis, IN. Reilly Tar & Chemical Corporation
(Indianapolis Plant) Site was a former wood preserving site that currently makes specialty
chemicals (Novak, 2017). Past wood treatment created soil and groundwater contamination. The
potentially responsible parties (PRPs) completed the cleanup needed supervised by the EPA and
the Indiana Department of Environmental Management (IDEM) (Novak, 2017). “A groundwater
extraction system has contained groundwater contamination to the site area. The system extracts
contaminated groundwater and sends it to the local wastewater treatment plant” (Novak, 2017).
Reilly Industries Superfund Site cost $1,087,732 with the unit around $251/ton based on treating
3,700 tons of soil (“Thermal Desorption at the Reilly Industries Superfund Site, OU 3
Indianapolis, Indiana,” 2015).
Hatheway & Patterson, Mansfield, MA. The Hatheway & Patterson is also a former
wood treatment facility on a 40-acre site (White, 2017). Operations at the site led to soil and
groundwater contamination. From 1993-1995 over 50,000 gallons of wastewater was removed by
EPA (White, 2017). “The use of Institutional Controls to prohibit the use of Site groundwater and
restrict land uses in a manner that ensures the protectiveness of the remedy as described in the
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ROD, and ensures the integrity of the on-site low-permeability cover and other remedial
components” (White, 2017). The EPA has spent approximately $4 million on this site cleanup
(White, 2017).
McCormick & Baxter Creosoting Co., Portland OR. The last successful Superfund
cleanup site to be discussed is the McCormick and Baxter Creosoting Co. (Portland Plant) site.
This site also did wood preserving activities and had contaminated soil and water (Christopher,
2017). “Remedial investigations identified two non-aqueous phase liquids (NAPL) plumes
migrating to the river and impacting surface water and sediments, and an additional NAPL
plume migrating under the Burlington Northern Santa Fe railway right-of-way toward
Willamette Cove” (Christopher, 2017). More than $27 million from the EPA has been used for
cleanup actions at the site including the removal of 33,000 tons of contaminated soil, recovery of
3,000 gallons of creosote from groundwater, constructing a 23-acre sediment cap, and installing
a $4 million dollar 18 acre sub-surface barrier wall (Christopher, 2017). The sub-surface barrier
wall around the site is to stop the NAPL contamination from leaking into the Willamette River
(Christopher, 2017).
Similar Site Success Conclusions. It seems that funding and actions by PRPs are the
main reasons these sites have been successfully cleaned and maintained. The main PRP at the St.
Regis Site is IP and they have only done cleanups when the EPA has sued them to take action.
With proper actions it is possible for the St. Regis Site to be fully remediated and maintained like
the other sites discussed in this section.
Site Remediation Documents
Site Remediation Documents 1984-1995. The lead agency for administering the St.
Regis Site was the Minnesota Pollution Control Agency (hereafter MPCA) starting in 1984. In
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the autumn of 1985, after the site was closed, soil and water sampling confirmed the site was
contaminated from the wood preserving and waste disposal operations (Health Consultation,
2007). Due to these sampling results, PRP Champion International Corporation (hereafter
Champion) extended municipal water to residents on and near the site from 1985 to 1988 (Public
Health, 2005; Health Consultation, 2007). The MPCA issued a Response Order by Consent for
the St. Regis Site in February of 1985 (Administrative Record 141756, 1994; Health
Consultation, 2003; Human Health, 2004). The following March, the MPCA issued Minnesota
Enforcement Decision Documents (hereafter MEDD) that approved response actions and
required Champion to take remedial action (Administrative Record 141756, 1994; Health
Consultation, 2003; Human Health, 2004; Public Health, 2005; Community, 2016). In June of
1986, soils from the site and the city dump pit were removed if they appeared to be contaminated
(Administrative Record 141756, 1994; Health Consultation, 2007). Champion constructed a soil
containment vault in OU2 and filled it with the contaminated soils and sludge during 1986 and
1987 (Human Health, 2004; Health Consultation, 2007). This vault was a requirement of the
MPCA MEDDs (Human Health, 2004). The final Response Action (hereafter RA) report from
the MPCA described all previous RAs and was published in 1988 (Health Consultation, 2003).
Additional groundwater extraction wells and a granular activated carbon (hereafter GAC)
treatment system were constructed in OU1 and OU3 by Champion during 1987 and 1988
(Administrative Record 141756, 1994; Human Health, 2004; Health Consultation, 2007). These
wells extract and treat the groundwater with the GAC system and discharge the clean water into
a channel between Pike Bay and Cass Lake (Human Health, 2004; Health Consultation, 2007).
The GAC system has three 9072 kg (20,000 lb) components operating in a succession (Human
Health, 2004). Activated carbon has the ability to adsorb a variety of natural and synthetic
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compounds because it is highly porous and contaminants can adsorb to the large surface area of
the GAC particles (Miltner, 2010). Extraction wells in OU1 have continued operations since
January of 1987 with pumping rates around 18.93 to 75.71 liters per minute (5 to 20 gallons per
minute) (Human Health, 2004). The extraction wells in OU3 have been consistently operating
since December of 1987 with pumping rates approximately 37.85 to 75.71 liters per minute (10
to 20 gallons per minute) (Human Health, 2004).
Barr Engineering (hereafter Barr) was hired by the St. Regis Paper Company and later by
Champion to do several investigations during the 1980s. In October of 1982, they produced a
Groundwater Investigation Report aided by the five years of data from the monitoring wells
installed by the St. Regis Paper Company in 1977. Barr created twenty-five investigative reports
about the St. Regis Site the during the 1980s, as seen in Table 2.1.A and Table 2.1.B.
Table 2.1.A
Barr Engineering 1980s Superfund Reports October 1982 through May 1986
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Table 2.1.B
Barr Engineering 1980s Superfund Reports June 1986 through November 1988

Outside of the Superfund-specific actions, the United States Geological Survey (hereafter
USGS) conducted a groundwater resource study from 1988 to 1991 in cooperation with the
LLBO. This report aimed to describe water availability from unconfined and confined aquifers,
how water use will determine water availability, detect seasonal changes in water quality and
amount, and finally assess groundwater quality as related to land-use practices (Lindgren, 1996).
In addition, the St. Paul branch of the USGS created a report titled Hydrogeology and water
quality of glacial-drift aquifers in the Bemidji-Bagley area, Beltrami, Clearwater, Cass, and
Hubbard counties, Minnesota in 1991 (Stark, Busch, & Deters, 1991). This report defined the
total area, thickness, transmissivity, and specific capacity of the unconfined and confined
aquifers across the four counties surrounding the St. Regis Site (Stark, Busch, & Deters, 1991).
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The first Superfund public health assessment was completed in 1989 by the Minnesota
Department of Health (hereafter MDH) under a cooperative agreement with the United States
Agency for Toxic Substances and Disease Registry (hereafter ATSDR). MDH and ATSDR
would go on to publish health assessments, consultations, and updates in 1993, 1995, 2003,
2005, 2007, and 2008 (Health Consultation, 2003; Public Health, 2005; Health Consultation,
2007; Letter Health Consultation at the St. Regis Superfund Site, 2008).
The July 8, 1992, Product Recovery/Reuse Plan allowed for close to 122 gallons of
LNAPL to be recovered between 1992 and 2003 (Human Health, 2004). The largest amount of
LNAPL was retrieved from OU3 area wells (Human Health, 2004).
In January 1994, the EPA released a Strategy for the St. Regis Paper Company Site
(Administrative Record 141756, 1994). During April of that year, Champion and Barr published
Annual Monitoring Report for Groundwater and Surface Water Monitoring at the Cass Lake
Sites (January-December 1993). Champion and Barr also released Semi-Annual Progress Report
for the Cass Lake Sites (January-June 1994) in July 1994 and Semi-Annual Report:
Contaminated Soil Containment Vault for the Cass Lake Sites (January-June 1994) in September
of 1994 (Administrative Record 141756, 1994). These types of annual and semi-annual reports
were created by Champion and later by International Paper (hereafter IP) consistently since 1987
to the present (Preassessment Screen for the St. Regis Paper Company Superfund Site, 2012) but
these reports are not all available on the EPA database for the St. Regis Site.
Additionally, in September 1994, the EPA notified the MPCA and Champion that it
would take over as the Lead Agency to administer the St. Regis site starting in January 1995
(Administrative Record 141756, 1994). From their start as the lead agency, the EPA issued the
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first Unilateral Administrative Order (hereafter UAO) in January 1995 to Champion to continue
remedial actions called for by the 1985 response orders (Human Health, 2004).

Figure 2.1. Timeline of Site Remediation Part 1. For more details see Appendix B. (Adapted
from Bubble Chart Timeline Template © 2017 by Vertex42.com)

In March of 1995, the MPCA completed the First Five-Year Review for the St. Regis
Site. This review found that previous cleaning actions were not successful and recommended
further soil, sediment, groundwater, and surface water sampling (Administrative Record 179635,
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2003; Health Consultation, 2007). Champion responded to these recommendations by creating a
Groundwater Flow Model published in May of 1996 (Human Health, 2004; Groundwater Flow
Simulation Modeling - Groundwater Flow Model Application Assessment, 2016 [hereafter
GFSM-GFMAA, 2016]).
Site Remediation Documents 1996: Initial Groundwater Flow Model & Model
Construction (May 1996), Final Groundwater Flow Model & Model Construction (July
1996), Groundwater Flow Model, Model Calibration, & Sensitivity Analysis (October 1996),
and Groundwater Flow Model: Predictive Simulations (October 1996). These documents
represent the three-step process of how the 1996 Multi-Layer Analytic Element Model (hereafter
MLAEM) software model by Barr was developed for Champion: model construction, calibration
and sensitivity analysis, and predictive simulations (HCZ Analysis, 2005; Human Health, 2004).
For each step of the process Barr and IP received the necessary regulatory reviews and approvals
(Human Health, 2004). The data used for the model was gathered from “over 125 soil borings,
approximately 100 wells, 3 slug tests, 16 pumping tests, and 10 grain‐size distribution tests”
(Human Health, 2004). Groundwater data on elevation and water quality gathered from the St.
Regis Site since 1977 was also used for the model (HCZ Analysis, 2005; Human Health, 2004).
These 1996 modeling reports aimed to show how extraction wells at OU1 and OU3
interacted with the upper aquifer (HCZ Analysis, 2005). The predictive simulation modeling
report included a map with the zones of contamination as well as the predicted hydraulic capture
zones (hereafter HCZ) in OU1 and OU3 and can be seen in Figure 2.2 (HCZ Analysis, 2005).
Figure 2.2 shows the capture zone is more than three times wider than the contamination zone
(HCZ Analysis, 2005). Figure 2.2 also shows the contamination zone in OU3 is about as half as
wide as the capture zone (HCZ Analysis, 2005). Simulated groundwater flow streamline
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directions and simulated piezometric head predicted by the model can also be seen in Figure 2.2
(HCZ Analysis, 2005).
The 1996 groundwater flow model simulation showed the existing groundwater
remediation system captured the observed contamination extent and the down gradient surface
pathways (Human Health, 2004).

Figure 2.2. Image from Champion and Barr’s 1996 Groundwater Model (HCZ Analysis, 2005,
p.16)
The model also found that the production wells at the fish hatchery have a capture zone
that extends into a portion of the Southwest Area and these production wells impact the upper
sand aquifer (Human Health, 2004). Groundwater flow paths shown in the model suggest that
monitoring wells are in the correct location to detect any possible releases from the containment
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vault in the Southwest Area (Human Health, 2004). A particle trace simulation estimated the
limits of the contaminant plume and showed the southern limit is just south of W-220 area
(Human Health, 2004). The positive results of these documents report the contaminated
groundwater is being fully captured, but later testing has shown these conclusions to be
inaccurate (Nordrum et al., 2002; Human Health, 2004; GFSM-GFMAA, 2016; Rittenhouse &
Hair, 2017).
Site Remediation Document 1999: Assessing and Communicating Risk: A Partnership
to Evaluate a Superfund Site on Leech Lake Tribal Lands – Section 2 Groundwater Panel
Report. This Assessing and Communicating Risk report had three main parts: groundwater
contamination, human health risks, and environmental health risks (Zhuikov, 2003; Nordrum et
al., 2002). A 1998 grant from the EPA’s Environmental Justice Program allowed this assessment
to be researched as a partnership between the Leech Lake Tribal Council, the University of
Minnesota Sea Grant Program, and the Natural Resources Research Institute (Zhuikov, 2003;
Nordrum et al., 2002). The mission of the University of Minnesota Sea Grant Program is “[t]o
facilitate interaction among the public and scientists to enhance communities, the environment
and economies along Lake Superior and Minnesota's inland waters by identifying information
needs, fostering research, and communicating results” (Thoms, 2017). The Natural Resources
Research Institute “is a unique, multidisciplinary, applied research institute focused on
Minnesota’s many natural resources” (Weberg, 2018). Both the Sea Grant Program and the
Research Institute are associated with the University of Minnesota Duluth (Weberg, 2018;
Thoms, 2017).
As discussed earlier, Champion had installed a groundwater remedy for the St. Regis Site
in the mid to late 1980s. This remedy included extracting contaminated water with wells, treating
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it with GAC, and then discharging the clean water into the channel between Cass Lake and Pike
Bay (Muno, 1995). The 1999 Groundwater Panel Report found that a plume of contaminated
groundwater had migrated east away from the extraction wells (McDonald et al., 1999; Muno,
1995). This area was found to have two aquifers that are separated by till and both with DNAPL
and LNAPL contaminant plumes (McDonald et al., 1999; Muno, 1995).
The St. Regis Site has a complicated geology: the report found evidence that some areas
have two aquifers separated by a till layer but other areas with just one aquifer but results were
uncertain (McDonald et al., 1999). The monitoring wells to the east of the site were found by the
report to have detected some contaminated groundwater which may mean the contamination
plume is moving away from recognized boundaries (McDonald et al., 1999). The report
conveyed that it is unknown how the contamination plume migration occurred but this makes it
even more important to pursue a more detailed study of geology at the St. Regis Site (McDonald
et al., 1999). Panel findings of report bring up how the data for the 1996 model was flawed and
therefore both the conceptual model and the simulation model were flawed (McDonald et al.,
1999). Some of the 1985 pumping well data was flawed and the report found that some of the
pumping wells were actually pumping out of two different aquifers flawed (McDonald et al.,
1999). There was contradictory information about hydraulic heads, contaminant concentrations,
and direction of groundwater flow even within Champion and Barr’s own findings so the
groundwater panel found that “either the interpretation of the subsurface geology or the model is
in error” (McDonald et al., 1999, p.3). They also recommended that installing monitoring wells
to the south and southeast of the site would help “verify contaminant levels or the depth to
groundwater that might help determine the correct interpretation” and that the southern extent of
the contaminant plume must be determined (McDonald et al., 1999, p.3).
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A major issue found by the panel was no standardized method of sampling intervals,
protocols, or contamination detection limits were followed (McDonald et al., 1999). The panel
provides examples of erratic sampling of wells and how several sampling modifications were
made without the written agreement of all the parties (McDonald et al., 1999). It was also noted
that there was sampling that did not conform to mandated Superfund sampling protocols and
there is no documentation of any quality control or quality assurance regarding the samples
(McDonald et al., 1999). The panel called for all parties involved with the St. Regis Site to agree
upon standard testing protocols, detection limits, and quality control measures (McDonald et al.,
1999). The LLBO, governmental agencies, and an independent expert as determined by the
LLBO should approve of the standard sampling protocols used by the PRPs for contaminant
investigations (McDonald et al., 1999). With regard to future sampling, the 1999 Groundwater
Panel provides two important warnings:
Because there are two types of contaminant plumes (sinking DNAPLs and
floating LNAPLs), there is obvious concern about the potential for crosscontamination of wells, especially in the construction of new wells. Extreme care
should be taken in drilling new wells and in sampling all wells. We recommend
that dedicated sampling equipment be established for each individual well (if this
is not currently occurring) to prevent sample cross-contamination (McDonald et
al., 1999, p.7).
The 1996 groundwater model simulation cannot account for the contamination levels of PAHs at
well 219 or the possible east to west flow of PAHs across the channel near W-219 so the panel
suggests more investigation of the hydrology and geology near well 219 is needed (McDonald et
al., 1999). The LLBO DRM fish hatchery is located to the west of OU3 and all other OUs with
contamination. Their wells are actively pumping during five months every year, February
through June (McDonald et al., 1999). Hazardous contaminants have been found in this well
water during the pumping season even though these wells only draw from the lower aquifer
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layer: evidence that there is interaction between the upper and lower aquifers and there is not a
continuous confining layer of till separating them throughout the St. Regis Site as stated in the
1996 groundwater model simulations (McDonald et al., 1999).
During the 1970s, the St. Regis Site used copper chromium-arsenate during wood
preservation operations (Public Health, 2005; Project Summary, 2005; Health Consultation,
2003; Human Health, 2004; McDonald et al., 1999). The panel suggested that data should be
gathered about the elements As, Cu, and Cr because in other cases these contaminants work well
for reverse particle tracking and since those chemicals were in a water-soluble solution
(McDonald et al., 1999).
The 1999 Groundwater Panel Report commented that “after 14 years of study and
remediation at this site, its geological and geochemical characterization is still remarkably poor.
Without a better, more comprehensive conceptual model of this site, the quality of future
decisions may be flawed and unsupportable” (McDonald et al., 1999, p.4). The panel’s final
recommendations were that existing data needs to be better interpreted, there needs to be a better
use of all existing available data, and they re-emphasize that there “needs to be a more complete
geologic site characterization. This becomes especially important for understanding and
modeling the transport of DNAPLs by gravity flow” (McDonald et al., 1999, p.5).
The 1999 Groundwater Panel proposed several options that could be taken to help correct
the errors and improve geology data. One was that Ground Penetrating Radar (hereafter GPR) or
other types of seismic investigations could be used at the St. Regis site to improve data site
geology characterization (McDonald et al., 1999). Another option would be drill test holes or add
sampling wells to the east and south of the former area of operations, OU1, to help complete
contamination plume extent knowledge. The panel expresses the need for better data on
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stratigraphy, hydraulic conductivity, and a more realistic three-dimensional model of the glacial
deposits (McDonald et al., 1999).

Figure 2.3. Timeline of Site Remediation Part 2. For more details see Appendix B. (Adapted
from Bubble Chart Timeline Template © 2017 by Vertex42.com)
The 1996 groundwater model used fixed head values at boundaries but the 1999 Groundwater
Panel thought that flux boundaries should be used instead to show how contaminants flow into
Fox Creek, Pike Bay, and the channel between Pike Bay and Cass Lake (McDonald et al., 1999).
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The 1999 Groundwater Panel also emphasized that groundwater “model must be calibrated to
agree with existing data on well head and contaminant concentration levels. The model should
then be tested on an independent data set, not used in calibration” (McDonald et al., 1999).
Calibration and testing are important parts of the groundwater modeling process. Since these
parts were not performed correctly then the accuracy of the whole model falls into question.
Site Remediation Documents 2000-2001. International Paper Company purchased
Champion International Corporation in June 2000. As a result, International Paper (hereafter IP)
became the main PRP for the St. Regis Site (Human Health, 2004; Community, 2016).
The Second Five-Year Review Report released by the EPA in September 2000 found the
St. Regis Site was still contaminated with high hazardous waste levels and advised further
sampling and testing of soil, surface water, sediment, and offsite groundwater (Muno, 2000;
Human Health, 2004; Community, 2016). According to the 2004 Human Health and Ecological
Risk Assessment Work Plan, the first two Five-Year Reviews found the groundwater remedies
were protective of human health and the environment. This contradicts the results of the
previously discussed 1999 Groundwater Panel and inaccurately reports the findings of the FiveYear Reviews. The 2004 work plan did include that the Second Five-Year Review recommended
additional investigations, sampling, and installation of more monitoring wells to ensure
continued protection.
The LLBO released their Hazardous Substances Control Act in August of 2000. This
Tribal Superfund Act defines clean-up standards for soil, sediment, surface water, and
groundwater (Martin, 2000). On October 3, 2000, the act was approved by the Superintendent of
the Bureau of Indian Affairs, Minnesota Agency (Martin, 2000).
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In October 2001, the EPA contracted Tetra Tech EM to sample and test soil, surface
water, groundwater, sediment, and fish. The EPA released Tetra Tech EM's Data Evaluation
Report in August of 2002, which found all October 2001 samples show higher dioxin levels than
the reference samples (Public Health, 2005; Health Consultation, 2007).
Representatives of the LLDRM, Minnesota Chippewa Tribe (MCT) water quality office,
Region 5 ATSDR, and MDH met in November 2002 to plan the creation of several Health
Consultations that developed into a Public Health Assessment for the St. Regis Site (Health
Consultation, 2003; Public Health, 2005).
Site Remediation Document 2002: Assessing and Communicating Risk: A Partnership
to Evaluate a Superfund Site on Leech Lake Tribal Lands Section 7 – Appendix 3:
Preliminary Ground Penetrating Radar Survey. As mentioned on page 41, the 1999
Groundwater Panel proposed that GPR could be used to improve knowledge of geologic data at
the St. Regis Site. The panel suggested that there may be topographic undulations on the
confining till layer between the two aquifers where DNAPLS might collect in low areas (Mooers
& Wattrus, 2002). The panel also hypothesized that due to this pooling of DNAPLS, some of the
contaminants may be recoverable or at least find the low points to better model the contaminants
(Mooers & Wattrus, 2002). During 1999, consultants for Champion, the major PRP at that time,
“suggested that the till surface was essentially a plane without any topography, and that if
DNAPLS were present they would be expressed as a thin film on the level till surface and be
unrecoverable” (Mooers & Wattrus, 2002, p.1).
One 1999 Groundwater Panel member, Dr. Howard Mooers, Professor at University of
Minnesota Duluth, with his colleague Dr. Nigel Wattrus, Associate Professor at University of
Minnesota Duluth, directed a GPR survey of the stratigraphy to try to find the microtopography
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of the till surface between the aquifers (Mooers & Wattrus, 2002). The findings of this survey are
found in Assessing and Communicating Risk: A Partnership to Evaluate a Superfund Site on
Leech Lake Tribal Lands Section 7 – Appendix 3: Preliminary Ground Penetrating Radar Survey
(Mooers & Wattrus, 2002).
The Preliminary Ground Penetrating Radar Survey report began with an overview of till
and how it is deposited during glaciation (Mooers & Wattrus, 2002). Four main groups of till
deposition mechanisms are deformation till, flow till, lodgement, and meltout (Mooers &
Wattrus, 2002). Deformation till occurs when soft, non-glacial sediment is deformed beneath an
active glacier (Mooers & Wattrus, 2002). Flow toll forms when liquid and sediment melts off the
glacier and is redeposited at the front edge by the movement of the glacier (Mooers & Wattrus,
2002). When sediment melting out of the bottom of a glacier is lodged into place by the weight
of the ice it is known as lodgement. Often times, the lodgement mechanism of deposition can
create “dense sediment with low hydraulic conductivity (hence a confining layer)” (Mooers &
Wattrus, 2002, p.2). The melting of stagnant ice full of debris forms meltout till where sediment
is deposited as ice melts from glacial cavities (Mooers & Wattrus, 2002).
The report goes on to describe the type of till at the St. Regis Site, Hewitt Till, which is a
lodgement till (Mooers & Wattrus, 2002). Usually lodgement till topography varies from
undulating to hilly, which mirrors the conditions at the base of glaciers (Mooers & Wattrus,
2002). Lodgement till can lead to the creation of landforms like drumlins or flutes (Mooers &
Wattrus, 2002). It was found that surveys of Hewitt till exposed to the south of Cass Lake had a
range of topography, from large scale drumlins to smaller undulations (Mooers & Wattrus,
2002). The undulations are from five to fifteen miles apart and can range vertically from a half
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meter to a whole meter (Mooers & Wattrus, 2002). This would indicate the unexposed till would
also have an undulating topography.
It was decided with the LLBO that the GPR survey would take place on a privatelyowned lot bordering the St. Regis Site (Figure 2.4) (Mooers & Wattrus, 2002). The area for the
survey was selected because the surface was level and had no trees to impede readings (Mooers
& Wattrus, 2002). The survey team started by setting a reference marker in the southeast corner
of the survey area (Mooers & Wattrus, 2002). This reference marker was used for all
measurements and 36 meter-long transects spaced a half meter apart “were laid out in an eastwest orientation along which the radar survey was made” (Mooers & Wattrus, 2002, p.2).
Soundings were made every half meter by antenna with 72 soundings for a 36 meter-long
transect with the elevation surveyed at every sounding using the reference marker (Mooers &
Wattrus, 2002). The authors go on to describe the equipment and software used as well as their
results:
The GPR soundings were made with a Pulse Ekko system manufactured by
Sensors and Software using 100MHz antennas. The data were then processed
using PulseEkko Ekkotrace and SU seismic processing software from Colorado
School of Mines. The data were reformatted to SEGY, the industry standard.
Gains were applied, geometry was added, and the data were loaded into a seismic
interpretation software, TKS by Seismic Micro Technology, where the data are
treated as a 3-D seismic data volume.
…The microtopography on the till surface at this location is similar to that
elsewhere on the Hewitt Till. Undulations have spatial dimensions of 5–15
meters; the vertical relief is up to 1.5 meters. These undulations are of the scale
that was anticipated by the members of the Groundwater Panel, and their
characterization would constitute an important component of site geological
assessment. Given the scale and relief of the microtopography on the till surface,
there is certainly the possibility that pools of DNAPLS are present at the site
(Mooers & Wattrus, 2002, p.2–3).
As described in the above quote the results of the GPR survey showed that the microtopography
at the St. Regis Site could be undulating and collecting pools of DNAPLs. These findings
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contrast with the Champion consultant opinions. The GPR survey report concluded with figures
showing the results. These figures can be seen in the following Figures 2.4, 2.5.A, 2.5.B, and 2.6
below.

Figure 2.4. The location of the GPR Survey [This the best resolution available] (Mooers
& Wattrus, 2002, p.4).

Figure 2.5.A. GPR Soundings – This figure shows “two intersecting survey soundings sliced
through the seismic volume” [This the best resolution available] (Mooers & Wattrus, 2002, p.4).
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Figure 2.5.B. Confining Layer – This Figure “is a single line trace. Darkly shaded areas are
those where there is a large impedance contrast caused by abrupt changes in material properties.
The red line denotes the surface of the till confining layer” [This the best resolution available]
(Mooers & Wattrus, 2002, p.4).
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Figure 2.6. Confining Layer Contours – “Color shaded contour map of the surface of the till
confining layer. Contour interval is 0.5 meters with bold contours every one meter. Note that the
maximum relief on the surface is approximately 2 meters with 1.5 meters. Bar scale is in meters.
Numbers along the side of the diagram are seismic lines, each spaced 0.5 meters apart” [This the
best resolution available] (Mooers & Wattrus, 2002, p.5).
Site Remediation Documents 2003. From 1986 through 2003, the St. Regis Site
groundwater extraction systems captured nearly 3,486,364 cubic meters (921 million gallons) of
groundwater. During those seventeen years, the groundwater treatment system extracted
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approximately 9979 kg (22,000 lbs) of PCPs and 3583.4 kg (7,900 lbs) of PAHs compounds,
which are constituents of creosote, from the groundwater (Human Health, 2004).
The EPA held a public meeting with LLBO, MDH, and ATSDR in February 2003 to
inform residents living on or near the former operations area of high dioxin contamination in the
soil and field questions from the public (Health Consultation, 2007). Afterwards, LLBO, MDH,
and ATSDR sent a letter to 40 residents on south side of the St. Regis Site warning them to avoid
contact with contaminated soils (Health Consultation, 2003).
The EPA issued UAO Docket Number V‐W‐’03‐C‐748 to be effective by July 31, 2003
(Human Health, 2004; Karl, 2005). This order was for IP to conduct further soil and groundwater
investigations, which IP completed in the late summer and fall of 2003 (Karl, 2015; Karl, 2010;
Health Consultation, 2007; Human Health, 2004; Administrative Record 179635, 2003).
UAO Docket Number V‐W‐’04‐C‐771 from the EPA ordered IP to remove heavily
contaminated soil where the 2003 soil testing analysis showed dioxin/furan toxic concentrations
in excess of recommended levels in several areas (Community, 2016; Preassessment Screen for
the St. Regis Paper Company Superfund Site, 2012; Karl, 2011; Mattison & Richardson, 2011;
Karl 2010; Human Health, 2004). Before the removal actions began, IP calculated that
approximately 2268-2994 metric tons (2500–3300 tons) of soil would need to be transported
(Johnson, 2003).
Soil Remediation Documents 2004-2006. IP started the soil removal action in OU1 in
June of 2004 (Mattison & Richardson, 2011; Karl, 2005). During September 2004, excavation
areas, ranging in depth from four inches to several feet, were temporarily covered with an
impermeable cloth and enclosed by temporary fencing to limit access until a vegetative cover
could be properly seeded (Administrative Record 179635, 2003; Health Consultation, 2007). The
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temporary cloth cover and fencing were later removed and the OU1 removal action was
completed in October of 2004 (Mattison & Richardson, 2011; Health Consultation, 2007).
Sources differ about how many tons of contaminated soil were excavated from the former
operations areas of St. Regis Site by IP during 2004 and 2005. The 2012 Preassessment Screen
for the St. Regis Paper Company Superfund Site and the Third Five-Year Review report that 2998
metric tons (3,294 tons) of soil were removed by IP (hereafter Preassessment Screen, 2012; Karl,
2005). The Fourth Five-Year Review and the Final Feasibility Study Report – Soils stated that
3013 metric tons (3,321 tons) were removed (Mattison & Richardson, 2011; Karl 2010).
Community (2016) reported that 3394 metric tons (3,394 tons) of soil were removed from the St.
Regis Site.
BNSF Railway Company was added as a PRP in 2005 (Preassessment Screen, 2012; Karl
2010; Karl 2005). The EPA issued a separate CERCLA Administrative Settlement Agreement
and Order on Consent for a soil removal action at the BNSF property effective August 25, 2005
(Community, 2016; Preassessment Screen, 2012; Mattison & Richardson, 2011; Karl 2010; Karl
2005; Human Health, 2004).
From October 11 to October 19, 2005, BNSF started exporting the contaminated soils
(Preassessment Screen, 2012; Karl, 2011). BNSF transported twenty-seven truckloads of
dioxin/furan contaminated soil to the ONYX FCR Landfill for offsite disposal (Dahl & Geiser,
2006). A total of 612.2 metric tons (674.83 tons) of soil and 5.18 metric tons (5.71 tons) of wood
debris were removed from BNSF properties (Mattison & Richardson, 2011; Karl 2010; Dahl &
Geiser, 2006). All BNSF contaminated soil areas were vegetated/revegetated and fenced (Karl,
2011; Karl 2010).
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Both IP’s 2003 UAO and BNSF’s AOC were closed by the EPA in October 2005
(Mattison & Richardson, 2011; Karl 2010). Despite these orders being closed, the EPA’s Third
Five-Year Review found that these soil remedies were not completely protective of human health
at the St. Regis Site (Preassessment Screen, 2012; Karl 2005). There were areas of the St. Regis
Site where surface soils still exceeded acceptable toxicity levels and it was found that the
institutional controls did not protect humans from being exposed to these heavily contaminated
soils (Preassessment Screen, 2012). During November 2005, the EPA issued their first
Community Involvement Plan to the public (Community, 2005).
In 2006, two soil areas were identified with high contamination values for dioxin on Cass
Forest Products’ property at the St. Regis Site in OU1 (Karl, 2011). As a result, the EPA
requested that IP perform a voluntary response action in the area (Mattison & Richardson, 2011;
Karl 2010). IP complied with the request by applying a geotextile fabric to cap soil and covering
it with four inches of gravel in active work areas (Mattison & Richardson, 2011; Karl, 2011; Karl
2010). Some fencing was also placed around inactive contaminated areas to help protect the
workers from soil toxicity (Mattison & Richardson, 2011; Karl, 2011; Karl 2010). This voluntary
response action was completed in November 2006 (Mattison & Richardson, 2011).
From 2004–2006, these EPA directed soil cleanups led to more than 3628 metric tons
(4,000 tons) of heavily contaminated soil at the St. Regis Site to be excavated and disposed of
offsite (Karl, 2011).
Site Remediation Document 2004. On August 11, 2004, the EPA issued UAO Docket
Number V-W-’04-C-796 to IP to conduct a Human Health and Ecological Risk Assessment
(hereafter HHERA) for the St. Regis Site (Administrative Record 216789, 2004; Karl, 2005;
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Karl, 2010; Karl, 2015). The final version of the HHERA was not completed until February of
2011.
Site Remediation Documents 2005. In January 2005, local resident Michael Bennett and
twenty-seven of his neighbors filed a property damage suit “against IP, BNSF, Dow Chemical
Company (Dow), and Pharmacia Corporation” (Gallo, 2011). This was the first time that private
citizens took legal action against the PRPs and other related parties at the St. Regis Site. Dow
Chemical Company and Pharmacia Corporation made the chemicals that were used during the
operations of the St. Regis Paper Company.
The MDH released a document titled Environmental Health Information St. Regis
Superfund Site Community Health Concerns in 2005 (hereafter Environmental Health, 2005).
They explained that a water pump and treatment system was built at the site since pollution
contamination moved from the soil into the groundwater (Environmental Health, 2005). They
also stated that residents who had private wells near the site were connected to the city water
system meaning possibly contaminated private wells could be avoided (Environmental Health,
2005). Information about how people can be exposed was discussed and recommendations were
made for concerned citizens.
Due to the large amount of unvegetated soil at the St. Regis Site, the loose soil creates
dust in dry weather and infiltrates nearby residences. The first Proposed Plan and public meeting
about Interim Action for House Dust took place in June of 2005 (Karl, 2005). The following
October, the EPA ordered IP to clean about forty residences near the former operations site
because dioxin and arsenic contamination in residential settled dust was above safe screening
levels (Community, 2016; Preassessment Screen, 2012; Health Consultation, 2007; Redacted
Interim Record of Decision, 2005). The residences received carpet replacement, soft furniture
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steam cleaning, high-efficiency particulate air vacuum cleaning, HVAC cleaning, and cleaning
of draperies and rugs (Community, 2016; Health Consultation, 2007; Redacted Interim Record of
Decision, 2005). The ROD also directed yards to be covered with clean soil and grass seed, dust
suppressant to be spread on the unpaved roads, as well as periodic home cleanings (Community,
2016; Health Consultation, 2007; Redacted Interim Record of Decision, 2005). The ROD was
finalized when the EPA issued UAO for Interim Remedial Action Docket Number V-W-'05-C833 in December of 2005 (Karl 2015; Karl 2010; Health Consultation, 2007). IP performed these
cleaning measures as well as retrofitting some residences in 2006 (Preassessment Screen, 2012).
During July 2005, EPA contractor Subterranean Research released the report Hydraulic
Capture Zone Analysis for the St. Regis Paper Company Superfund Site, Cass Lake, Cass
County, Minnesota (Karl, 2010; HCZ Analysis, 2005). This analysis, like the Minnesota Sea
Grant analysis from 1999, found that the existing groundwater data and models from IP and Barr
to be flawed. The contaminants of concern at OU1 and OU3 were discussed in the introduction
and Subterranean Research was going to focus on PCP and PAHs (HCZ Analysis, 2005).
Subterranean Research refers to three different types of PAHs: carcinogenic PAHs (cPAHs),
non-carcinogenic PAHs (nPAHs), and total PAHs (tPAHs) (HCZ Analysis, 2005). The sum of
cPAHs values and nPAHs values equals the tPAHs value (HCZ Analysis, 2005). Subterranean
Research reports Minnesota's Recommended Allowable Limits (RALs) for these contaminants
and notes that the EPA Maximum Contaminant Level (MCL) for PCP in drinking water is 1.0
μg/L (HCZ Analysis, 2005).
To begin, Subterranean Research examined the annual monitoring reports released by IP
and Barr from 2000 through 2004 (HCZ Analysis, 2005). Those reports contained “contour maps
of groundwater heads in the upper aquifer” but the reports did not include estimated HCZs (HCZ
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Analysis, 2005, p.13). The contour maps of groundwater heads in the upper aquifer from the
annual monitoring reports had annotations added by Subterranean Research and can be seen in
Appendix D (HCZ Analysis, 2005). The annotations include estimated plume target zones in
cyan, inferred capture zones in magenta, and localized groundwater flow directions in yellow
arrows. A significant feature of all maps from the annual reports is that OU3 groundwater is not
flowing south into Fox Creek (as the 1996 groundwater model predicted) but instead mostly
discharging east and southeast toward Pike Bay (HCZ Analysis, 2005). These observed heads
from April 2000 to October 2004 suggest that flow directions are more than sixty degrees
different than in the 1996 groundwater model (HCZ Analysis, 2005). Subterranean Research
determined that with such great differences in observed data direction and large overpredicted
capture zone widths of the 1996 model it should be given considerably less weight as an accurate
source of data (HCZ Analysis, 2005).
The annual report maps from 2000–2004 used inconsistent methods of preparation
without explanation. 2003 and 2004 report maps showed flow lines derived from the head
contours but these are missing from the 2000, 2001, and 2002 maps (HCZ Analysis, 2005). The
reports do not clarify the method of map drawing and do not consistently describe data used to
create the contour maps (HCZ Analysis, 2005). In the 2001 report, head data was extrapolated far
away from where actual measurements were taken (HCZ Analysis, 2005). Some contour lines
seem to have no significance though they are located inside the target capture zones (HCZ
Analysis, 2005). Monitoring well data was inconsistently collected, sometimes in the upper
aquifer, sometimes at the water table, sometimes an average (HCZ Analysis, 2005). Well W-408
was supposed to be one of the two most important pumping wells for the remediation system, yet
it only appears on two of the seven contour maps, May 2002 and May 2003 (Appendix D) (HCZ
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Analysis, 2005). The April 2004 contour map shows strong head depression at a less powerful
well than its neighbors (HCZ Analysis, 2005). Subterranean Research found that the St. Regis
Site would greatly benefit from monitoring wells for ground-truthing data along the northern
boundary and for the area between OU1 and OU3. The data up until 2004 has been speculative
and interpolated over large distances which leads to great uncertainty about the direction of
groundwater flow in these two areas (HCZ Analysis, 2005).
Two methods of inferred HCZs were created by Subterranean Research from
reinterpreting head data. The first method procedure, results, and maps can be seen in Appendix
D (HCZ Analysis, 2005, p.24-38). There are two important conclusions to point out from the first
method. The first is that the inferred capture zones are more extensive than what is shown in the
annual reports by IP and Barr (HCZ Analysis, 2005). The second conclusion from the first
method is the mounding that needs to be investigated and understood (HCZ Analysis, 2005).
Mounding is discussed on page 61 of this research and in section 6.3 of Appendix D. The second
method of inferred HCZs by Subterranean Research procedure, results, and maps can be seen in
Appendix D (HCZ Analysis, 2005, p.39-49). The second method found that the inferred capture
zones were regularly more extensive than in the annual monitoring reports but not always more
extensive (HCZ Analysis, 2005).
Subterranean Research found that the pumping wells were not pumping at their design
rates. From 2000 through 2004, OU1 pumping wells are pumping at 70% of the design rate.
During 2000 to 2002 OU3 pumping wells had considerable swings in pumping rates but did
pump at the design rate during 2003 and 2004 (HCZ Analysis, 2005). Subterranean Research
created annual pumping comparisons because there were no weekly or monthly average rates
were not recorded (HCZ Analysis, 2005). It was also found by Subterranean Research that
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regular well maintenance is important to ensure consistent pumping rates over time (HCZ
Analysis, 2005).
For hydraulic capture based on head data, it was found that OU1 well capture for the
upper aquifer was successful around eighty percent of the time and unsuccessful about nineteen
percent of the time from April 2000 through April 2004 (HCZ Analysis, 2005). It is possible to
interpret the head data is showing groundwater contamination is bypassing wells on both the
northern and southern ends of the pumping wells (HCZ Analysis, 2005). Subterranean Research
goes on to explain “[t]his would be related to the spatial distribution of pumping. For example,
extraction well W-403 has operated at about 30 to 60 [percent] of the design rate” (HCZ
Analysis, 2005, p.68). For OU3, the hydraulic capture based on head data showed approximately
seventy-four percent adequate capture and insufficient capture around twenty-five percent of the
time (HCZ Analysis, 2005). At OU1, Subterranean Research recommends that the underproducing extraction wells, W-403 and W-408, be rehabilitated and maintained better to increase
their pumping rates (HCZ Analysis, 2005). In addition, the monitoring well screen conditions
should be reported at the time of sampling and included in quarterly and annual reports because
if there is significant build up on the screens it can impact the results of the monitoring well
testing (HCZ Analysis, 2005).
Subterranean Research re-emphasized that sampling data collection needs to be
standardized. Sampling should be performed at consistent times of year to obtain comparable
results so seasonality can be used to assess the data (HCZ Analysis, 2005). Monitoring well head
should be tested at the water table and at the base to better understand the depth and extent of the
contamination plume (HCZ Analysis, 2005). Heads taken at depth will be closer to the heads at
the plume since it is at depth (HCZ Analysis, 2005). It is essential that the head contour maps are
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created in clear and consistent way with data posted in the monitoring reports explaining how it
was used to create the maps (HCZ Analysis, 2005). Investigations of the till layer between the
upper and lower aquifers is essential to accurate data sampling. It must be found where the till
could be intermittent or missing entirely (HCZ Analysis, 2005). Section 8 of Subterranean
Research’s report details the till inconsistencies (HCZ Analysis, 2005, p.50-54). Precipitation
amounts and recharge should be monitored and included with sampling data in the annual reports
(HCZ Analysis, 2005).
The groundwater contour maps from the annual reports from Barr showed that
groundwater mounding happened several times and several different extraction wells (HCZ
Analysis, 2005). Mounding can happen when water infiltrates the soil faster than the water can
be absorbed into the water table causing a “mound” of water in the usually unsaturated soil
above the water table (Stormwater infiltration and groundwater mounding, 2019). “The
temporary rise of the groundwater elevation caused by mounding will decrease the available
vadose zone, which may decrease the removal of certain pollutants” (Stormwater infiltration and
groundwater mounding, 2019). The annual reports have failed to explain how mounding might
be affecting contaminant capture (HCZ Analysis, 2005).
Even minor changes in water levels that are sampled can shift data interpretation
considerably and even more so at the edges of capture zones (HCZ Analysis, 2005). Subterranean
Research reports:
We note that five benchmarks at OU2 (the vault) are resurveyed every year and
have a range of about 0.3 ft (International Paper, 2004, Table 26), but to our
knowledge the monitoring wells have not been resurveyed.
A 0.3 ft surveying variation corresponds to the head change over a
distance of about 300 ft along the regional gradient, is large relative to the amount
of drawdown that has been measured, and is large relative to the head differences
between shallow and deep paired wells. Therefore, we recommend that the
elevations of reference points (where measurements are consistently taken) for all
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monitoring locations and pumped wells be resurveyed (HCZ Analysis, 2005,
p.70).
This annual resurveying is essential to acquiring accurate sample data to monitor the site and
create more precise reports and maps of what is happening at the St. Regis Site.
The contamination plume at OU1 has been mapped out at least 1500 feet east of the HCZ
of the pumping wells (HCZ Analysis, 2005). This part of the plume is not being recovered by the
extraction wells (HCZ Analysis, 2005). Largely, concentrations of contaminants have decreased
from 1984 through 2004 in that area (HCZ Analysis, 2005). However, Subterranean Research
found there is some minor topographic relief in this area with a “stagnation zone immediately
downstream of the HCZ, groundwater travels at low velocities in this region and long residence
times should be anticipated” (HCZ Analysis, 2005, p.71). Here Subterranean Research is
referring to the long residence times of contaminants in this area of the St. Regis Site. OU3 has a
similar down-gradient topographic situation with long term residence times of contaminants due
to low velocity groundwater travel (HCZ Analysis, 2005). Though no extrusions of the
contamination plume at OU3 were reported by Subterranean Research in this 2005 report, an
OU3 monitoring well W2128 has had contamination levels of tPAH continually exceeding the
RALs (HCZ Analysis, 2005). The concentration of tPAH in this OU3 well has been reduced
since 1984 but Subterranean Research recommends further assessment and consideration of the
topography and groundwater velocity (HCZ Analysis, 2005).
Subterranean Research’s final conclusion is that at additional water quality monitoring
locations are needed in OU3 (HCZ Analysis, 2005). OU3 contains only one monitoring well that
reaches the base of the upper aquifer (HCZ Analysis, 2005). Subterranean Research recommends
that more monitoring locations should be at the base of the upper aquifer as well as downgradient of the contamination source area at OU3. The Hydraulic Capture Zone Analysis report
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is important to this research because it is the first time surface topography is mentioned about
possibly contributing to groundwater contamination for the St. Regis Site.
The EPA completed the Third Five-Year Review in September of 2005. This review
found that the groundwater remedy and extraction system at the St. Regis site may be allowing
contaminants to bypass the extraction wells near Pike Bay (Karl 2010; Karl 2005). The review
reports that groundwater extraction system has not continually operated to design specifications
during the operations from 1987 to 2005 at the time of the report (Karl 2010; Karl 2005). The
Third Five-Year Review asserts it is necessary to increase pumping rates at some wells to attempt
to combat the contamination bypassing the wells and the operation issues (Karl 2010; Karl
2005). The review specifies that more monitoring wells must be installed to help with accurate
monitoring of the size and extent of the contaminant plume (Karl 2010; Karl 2005). This review
states that only when these alterations are complete then the groundwater remedy can be properly
assessed (Karl 2010; Karl 2005).
The Third Five-Year Review also covers the progress that has been made since the
Second Five-Year Review (Karl, 2005). Water quality standards for discharge and monitoring of
treated water were updated in with the assistance of the LLBO and the MPCA, to reflect current
standards (Karl, 2005). In depth field investigations of all media (groundwater, surface water,
sediment, and soil) at the St. Regis Site were performed in 2003 and 2004 with sampling results
pending in 2005 (Karl, 2005). The Second-Five Year Review as well as the July 2005 Hydraulic
Capture Zone Analysis report recommended adding more monitoring wells (Karl, 2005). In
August 2005, the EPA provided the report on how additional monitoring wells can provide
missing data on contaminant migration and plume extent to IP (Karl, 2005). The report also
contained information on Subterranean Research’s suggested changes to pumping rates for IP to
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integrate into their Operations and Maintenance Plan as well as make necessary modifications
the QAPP about the groundwater extraction system (Karl, 2005).
The final recommendations of the Third Five-Year Review are to continue soil removal
operations, implement improvements to the groundwater extraction and monitoring systems,
require the implementation of the discharge monitoring update, and to develop an institutional
controls plan. The institutional controls plan would show how drilling must be restricted in
contamination plume areas, ensure that all wells are plugged, and obtaining easements on
properties with high soil contamination (Karl, 2005). The EPA specifically noted that steps
should be taken to see if the groundwater remedy was still protecting people and the environment
(Community, 2016).
On September 9, 2005, Barr and IP submitted Technical Memorandum, Conversion of
MLAEM Groundwater Flow Model to MODFLOW, St. Regis Paper Company Site, Cass Lake,
Minnesota, to the EPA (Karl, 2010). In the design phase of creating the 2006 groundwater
model, Barr used the 1996 MLAEM groundwater model, version 5.2, to show the groundwater
plumes and the shape and extent of the capture zones from OU1 and OU3 (Karl, 2010). The
2006 groundwater model used USGS’s software MODFLOW (Karl, 2010).
Due to the results of the 1999 Groundwater Panel and Subterranean Research’s Hydraulic
Capture Zone Analysis, the EPA and other stakeholders were worried about the accuracy of the
current data used for the model (Karl, 2010). As a result, Barr proposed two aquifer tests that
could help calibrate the MODFLOW model (Karl, 2010). Since it became evident that the 2006
groundwater model would be used in decision making about the St. Regis Site, CERCLA laws
require that the model be subject to Quality Assurance Project Plan (hereafter QAPP) (Karl,
2010).
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Site Remediation Documents 2006. IP and Barr proposed replacing and adding wells to
the groundwater monitoring well network in January of 2006 and then later revised the proposal
in March of 2006 (Karl, 2010). For more details on how the well network was improved, please
see page 75 about Fourth Five-Year Review Attachment 2: Technical Memo, Five Year
Evaluation for Groundwater (Dougherty, 2010).
In 2006, residents near the St. Regis Site filed a second lawsuit against “IP, BNSF, Dow
Chemical Company (Dow), and Pharmacia Corporation” (Gallo, 2011). This was a personal
injury suit rather than a property damage suit like the 2005 lawsuit, filed by Gail Bredemus and
sixteen other neighbors (Gallo, 2011).
As part of the continuing responsive groundwater activities, Barr released Technical
Memorandum – Modeling Update 1 on June 13, 2006 (GFSM-GFMAA, 2016). The following
December, aquifer tests were performed and the Technical Memorandum December 2006
Aquifer Tests at St. Regis Paper Company Site, Cass Lake, Minnesota was released on February
19, 2007 (Karl, 2010).
Site Remediation Documents 2007. On April 27, 2007, IP and Barr released Draft
Quality Assurance Project Plan, Groundwater Flow Modeling, a draft because despite the
February 19, 2007 report, the December 2006 aquifer tests results were not finalized by April
2007 (Karl, 2010). This draft QAPP was commented upon by the EPA, MPCA, MDH, and
LLBO during July 2007 (Karl, 2010).
MDH and ATSDR completed their cooperative agreement report Health Consultation:
Final Edition St. Regis Site Community Health Concerns and Health Outcome Data Review in
September 2007 (Health Consultation, 2007).

66
Another document to be discussed was created by a collaboration of the MDH, the
ATSDR, and the LLBO in 2007. This document, Health Consultation: Final Edition St. Regis
Paper Company Site Community Health Concerns and Health Outcome Data Review,
summarizes community health concerns at the St. Regis Site. There are sections about the
potential for ongoing exposure from contaminated surface soil on the site, surface water and lake
sediment, consumption of fish and game on or near the site, and the uses of garden and native
plants (Health Consultation, 2007). There was also perceived excess of health problems among
residents living on or near the site (Health Consultation, 2007). Cancer was one of the biggest
concerns for the residents. In addition to cancer current and former residents report having a
wide variety of physical health problems including allergies, aneurisms, bladder problems,
bone/vertebrae deterioration, headaches, hypertension, kidney problems, liver problems, lupus,
neurological disorders, rashes, respiratory problems, skin problems, strokes, and thyroid
disorders (Health Consultation, 2007). Families have reported there was trouble conceiving
children and if they were able to conceive there were pre-mature births and miscarriages, birth
defects, growth and developmental delays in children, and widespread learning disabilities
among children as they grew up (Health Consultation, 2007). There were also reports of
increased anxiety and other psychological disorders in addition to physical health problems
(Health Consultation, 2007).
Site Remediation Documents 2008. Three years after Subterranean Research prepared a
Hydraulic Capture Zone Analysis, IP and Barr released their own Hydraulic Capture Zone
Report in March 2008 (GFSM-GFMAA, 2016). The differences between these reports are
discussed in the Literature Review. The objective of this report was to look at data about well
pumping, water levels, and pollution containment to improve the knowledge of the HCZs (Karl,
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2010). In addition, this HCZ report explained how IP and Barr changed their methods of
calculating data to predict the HCZ of the extraction wells (Karl, 2010).
The revised algorithm more systematically estimated water levels and pumping rates to
find more exact logarithmic variations of pumping well drawdown areas (Karl, 2010). Water
levels in areas without monitoring wells were calculated with a groundwater model (Karl, 2010).
Control points of hydraulic head estimates were used to limit interpolation of water and pumping
level data (Karl, 2010). Some sources call control points pseudo data because it is imperfect,
however control point use in IP and Barr’s new algorithm is a significant improvement to their
past methodologies (Karl, 2010). The new method of calculating HCZ also included estimates of
how large the contamination plumes are in the groundwater and the target capture zones of what
the extraction wells should be collecting of the polluted groundwater (Karl, 2010). IP and Barr
included capture zone maps for the upper and lower aquifers for four water level monitoring
quarters in 2006 (Karl, 2010).
The EPA’s contractor Subterranean Research’s 2005 HCZ report had moderately
different methods of analysis than IP and Barr’s 2008 report. However, both Subterranean
Research and IP and Barr’s reports found similar conclusions (Karl, 2010). The first conclusion
is that the groundwater contamination plumes are mostly captured at OU1 and OU3 (Karl, 2010).
There are significant seasonal variations in the quality of the hydraulic capture at OU1 and OU3
that need to be accounted for in the future (Karl, 2010). A second conclusion is that it some HCZ
areas are harder to calculate and predict and some target HCZs areas were not sufficiently
described due to lack of data (Karl, 2010). Lastly, the report concludes that extraction well
system performance could be enhanced by looking at individual well pumping rates and see if
they could be improved are all the extraction wells (Karl, 2010). IP and Barr’s methodology
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developed for this 2008 HCZ Report has been Annual Report from 2008 to present to estimate
HCZs from field data (Karl, 2010).
IP transmitted its responses to the draft QAPP comments in May 2008, but the final
QAPP was put on hold until the 2006 aquifer test results were finalized (Karl, 2010).
During May 2008, the EPA came to an agreement with IP and BNSF to start a feasibility
study for soil remediation, the third CERCLA step mentioned earlier, to develop multiple soil
cleanup alternatives for the St. Regis Site (Community, 2016; Gallo, 2011). The Administrative
Settlement Agreement and Order on Consent (hereafter ASAOC) for Feasibility Study for the St.
Regis Site Docket Number V-W-’08-C-912 was signed by IP and BNSF in August 2008 then
finalized by the EPA in September 2008 (Administrative Record 290502, 2008; Karl, 2008). In
November of 2008, IP and Barr released a draft document of their Final NAPL Investigation
Report (Karl, 2010).
Site Remediation Documents 2009-2010. During September 2009, IP and Barr issued a
Technical Memorandum for Pre-Aquifer Test Investigation at the LLBO DRM Fish Hatchery
(Karl, 2010). It was necessary for IP and Barr to find and test the connections between the lower
and upper aquifers and how these connections varied near the LLBO Fish Hatchery property
(Community, 2016).
September of 2009 was also when Bennett and neighbors agreed to dismiss their property
damage suit since a confidential settlement agreement was reached by all parties (Gallo, 2011).
On January 15, 2010, Resolution of the Leech Lake Reservation Tribal Council to
Provide for an Effective and Complete Remedial Action at the St. Regis Site was released by the
Leech Lake Reservation Tribal Council (Administrative Record 924308, 2016; Larose, Bongo,
Howe, Losh, & Whitebird, 2010). This resolution explains that the LLBO is a Federally
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recognized Indian Tribe operating under the Revised Constitution and Bylaws of the Minnesota
Chippewa Tribe and that the Leech Lake Reservation Tribal Council is duly elected and the
authorized governing body of the Leech Lake Reservation (Larose, Bongo, Howe, Losh, &
Whitebird, 2010). They state that the St. Regis Site is located on the Leech Lake Reservation it
poses a serious health risk to all people living or working on the reservation and to the healthy
ecology of the reservation lands, waters and other natural resources (Larose, Bongo, Howe,
Losh, & Whitebird, 2010). The resolution goes on to state that the EPA has not upheld the
federal responsibility under CERCLA of demanding the PRPs and the EPA to define the nature
and extent of contamination and provide effective remedial actions at the St. Regis Site (Larose,
Bongo, Howe, Losh, & Whitebird, 2010). The resolution emphasizes the importance that the St.
Regis Site is located on their homeland and it is unreasonable to ask members to leave their
homeland:
The Tribal Council seeks to add both technical and cultural knowledge, to the
remedial process, to ensure a proper remedy is chosen for the Tribe's homeland.
The Tribe and its members do not have the option of “moving away” from the
problem visited upon then- Reservation Homeland by others. To do so would be
to reject who they are and their Tribal way of life (Larose, Bongo, Howe, Losh, &
Whitebird, 2010, p.2).
The Leech Lake Reservation Tribal Council expects to be consulted with regularly and
included as collaborators in the development of federal policies that may affect the Leech Lake
Reservation (Larose, Bongo, Howe, Losh, & Whitebird, 2010). The Tribal Council asserts that
some of the cleanup efforts, such as fencing or soil covers, have not been and are not effective or
provide long-term permanent remediation (Larose, Bongo, Howe, Losh, & Whitebird, 2010).
Until the contamination is completely removed it poses a human health risk and limits the ability
of the LLBO to use the land (Larose, Bongo, Howe, Losh, & Whitebird, 2010).
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The resolution also establishes the St. Regis Site Action Committee (hereafter SSAC)
(Larose, Bongo, Howe, Losh, & Whitebird, 2010). The SACC should “take immediate action to
meet with the Federal Government, so that the Tribe and its members may be heard by the
United States, and so that the Reservation Homeland will not be left to remain an industrial
landfill” (Larose, Bongo, Howe, Losh, & Whitebird, 2010, p.3). The leadership and membership
of the SACC is described. The resolution concludes with a description of SACC’s purpose:
The SSAC shall serve as an advocate and spokesperson for the Tribe and shall
meet with the EPA the Department of the Interior, and other representatives of the
United States to ensure that remedial action undertaken at the Site is consistent
with the federal trust obligation, and is protective of the Reservation Population
and Reservation Environment for current and future generations of the members
of the Leech Lake Band of Ojibwe (Larose, Bongo, Howe, Losh, & Whitebird,
2010, p.3).
This document shows that the LLBO have been and continue to be ardently interested in being
involved in the decision-making processes about the St. Regis Site and about what happens on
their land. They demand that better clean up actions be taken and that they are heard by the
Federal Government of the United States of America.
Gail Bredemus and the sixteen other neighbors dismissed their personal injury suit with
prejudice in February of 2010 (Gallo, 2011). Like the Bennet property damage suit, it was
resolved under a confidential settlement agreement (Gallo, 2011). These suits happened because
CERCLA does not allow private parties to recover damages from personal injury or decreases in
property value from contaminated properties (Gallo, 2011).
In September 2010, the EPA released the Fourth Five-Year Review. This review found
that the “extraction well system does not completely capture the contaminant plume in OU1 or
OU3” (Community, 2016).
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Site Remediation Document 2010: Fourth Five-Year Review and attachments. A
replica of a table describing groundwater activities that took place in response to the concerns
listed in the Third Five-Year Review can be seen in Table 2.2. IP created Quarterly and Annual
reports from 2005 through 2010 but not all these reports are available on the EPA’s St. Regis
Paper Co. Cass Lake, MN Site Documents & Data website database.
Table 2.2
Responsive Groundwater Activities After 2005 Third Five-Year Review (Karl, 2010, p.20)

Maintenance improvements to the wells decreased inconsistencies of data collection was
reported in the Fourth Five-Year Review (Karl, 2010). Communication among involved parties
improved, which was evident in the increase in information provided in the Quarterly and
Annual Reports (Karl, 2010). The reports now included summaries of equipment cleanings and
replacements, as well as other average monthly pumping rates, to aid in system evaluation (Karl,
2010).
The Fourth Five-Year Review reported that the EPA received a groundwater flow model
from IP in October 2005. This model relied on the 1996 MLAEM model from the extraction
system design phase, which had been converted through several versions of the software before
it was migrated to MODFLOW (Karl, 2010). The model’s reliance on regional scale data was
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concerning to the EPA and other stakeholders (Karl, 2010). To improve the calibration of the
MODFLOW model, Barr suggested two aquifer tests, but because the model was to influence
decision-making, a QAPP was needed in order to move forward (Karl, 2010). IP submitted their
first draft of the QAPP in April 2007, and the EPA, MDH, and LLBO commented in July 2007
(Karl, 2010). Despite IP’s responses in May 2008, the QAPP was not finalized as of the Fourth
Five-Year Review report in 2010, pending the results of the aquifer tests (Karl, 2010).
In January 2006, IP suggested an extension of the groundwater monitoring well network
to replace certain wells producing odd elevation data, as well as to obtain better data to map
HCZs and the vertical gradient between aquifers (Karl, 2010). This plan was revised in March
2006 (Karl, 2010). During 2006 and 2007, the well monitoring network was updated and
expanded. Old monitoring wells that were giving anomalous water level readings were properly
closed and sealed, W-501 through W-508 at OU1 and well W-2503 at OU3 (Karl, 2010). One
collapsed well at OU1, W-113, was also correctly sealed and closed in 2006 (Karl, 2010). Six
new monitoring wells went in at OU1, W-509 through W-514, and one new monitoring well, W2505, was installed at OU3 (Karl, 2010). Another collapsed well, W105, was shut down and
replaced with a twelve foot deeper well, W105R, in 2007. Extra monitoring wells were also
installed, W-222 north of OU1, W-223 between OU1 and OU3, W-2333 and W-2336 at the
bottom of the upper aquifer, and a at the lower aquifer at OU3 paired with W-2236 (Karl, 2010).
In addition to the new wells, at OU1 three new soil borings were performed to find the exact
depts of the upper till layer between the aquifers (Karl, 2010).
The data from the new wells and boring logs showed DNAPL was found in W-2505
(Karl, 2010). W-2505, located in the southeast area of OU3 had about one foot thick of DNAPL
at the bottom of the well (Karl, 2010). While LNAPL had been found at the St. Regis Site since
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groundwater monitoring began, this was the first time DNAPL was seen and reported (Karl,
2010).
IP and Barr investigated the extent of DNAPL and LNAPL pollution as well as
researched lithology knowledge, created better groundwater maps, and installed new monitoring
wells during 2008 and 2009 (Karl, 2010). The DNAPL investigation was to determine if the
pollution was stationary or moving (Karl, 2010). Sixty-two new locations were investigated at
OU3 (Karl, 2010). Geoprobes were used during these tests. A Geoprobe is a brand of
hydraulically powered soil probing equipment that can investigate depths 9 to 18 meters and up
to 30 meters in some cases (Geoprobe FAQs, 2019). These probes can be used for soil,
groundwater, or soil gas investigations as well as log electrical conductivity of samples
(Geoprobe FAQs, 2019). Geoprobes found the electric conductivity of soil profiles for fortythree locations in OU3 (Karl, 2010). Geoprobes placed laser induced fluorescence (LIF) sensors
at fifty-one locations (Karl, 2010). New soil boreholes were drilled at thirty-one locations and
five additional monitoring wells were installed in one area (Karl, 2010). The result of these
investigations led to a new horizontal extent estimation of the DNAPL, DNAPL concentration
levels to provide data for risk assessments, new monitoring well data will show if the pollution
plume is expanding, and a substantially greater understand of OU3 lithology (Karl, 2010). These
results were used to update the 2013 conceptual model and groundwater model as well as the
known HCZ for OU3 (Karl, 2010).
The Fourth Five-Year Review discussed the aquifer tests proposed by IP and Barr in
2005. The workplan for the first test at OU1 was completed and the fieldwork was conducted in
December of 2006 (Karl, 2010). The draft of the first aquifer test was provided to the EPA in
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May 2007 and all stakeholders returned comments by December 2007 (Karl, 2010). The final
draft was put off until the second aquifer test was completed in 2008 (Karl, 2010).
The second aquifer test was in OU3 at the LLBO Fish Hatchery production wells to see
the aquifer stress of how much water is used compared to how much water is recharged to the
upper and lower aquifers (Karl, 2010). This OU3 aquifer test was started in 2008, field work in
2009, and draft of report in January 2010 (Karl, 2010). Both aquifer tests showed how the upper
and lower aquifers are connected as well as the aquifer connections with surface waters including
Cass Lake, Pike Bay, and Fox Creek (Karl, 2010). The data collected during these tests would be
used to calibrate the MODFLOW groundwater model (Karl, 2010).
During the OU3 testing field work, Geoprobes were used at thirty-seven locations, there
were four new rotasonic borings, and four new monitoring wells installed. Rotasonic drilling is
when a sonic drill head is used to create a vibration which causes the soil near the head to
become loose like a liquid and reduces friction (Geoprobe FAQs, 2019). The vibration
frequencies can range up to 150 Hz (Geoprobe FAQs, 2019). The soil cannot stick to the drill bit
because inertia caused by the drill moving up and down (How does Sonic Drilling work, 2019).
The inertia and liquefaction of the soil allows for long and continuous sampling (How does
Sonic Drilling work, 2019).
Three of the new monitoring wells were installed using double-cased methods
with screens below the upper till as companions to upper aquifer wells, to provide
information on the head differences across the till and to provide head gradient
and concentration information within the lower aquifer (Karl, 2010).
This second aquifer testing found that the confining upper till layer varied widely in texture, top
elevation, lithology, and thickness in the OU3 area of the St. Regis Site (Karl, 2010). The EPA
and stakeholders were still reviewing the OU3 Fish Hatchery aquifer test draft upon the
completion of the Fourth Five-Year Review (Karl, 2010).
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The Fourth Five-Year Review also reported that the MPCA MEDDs for the soil remedy
has not been achieved and will be addressed in future remedial actions (Karl, 2010). The interim
RA for dust contaminated with dioxins is working for now and the remedial actions should
continue. The groundwater remedy at the St. Regis Site is partially functioning as intended by
MPCA MEDDs (Karl, 2010). The remedy is protecting the public from hazardous
contaminations through direct contact with groundwater or from ingestion of groundwater (Karl,
2010). However, the contaminant plume extending into the southeastern portion of OU1 is not
being contained by the existing pumping wells and it is possible the complete plume is not being
captured at OU3 either (Karl, 2010). The EPA recommended additional groundwater
investigations to improve the extraction and monitoring system so all the contaminants can be
captured (Karl, 2010). In addition, the EPA suggests more research about stratigraphy to
establish better knowledge of the till layers and till gaps between the upper and lower aquifers
and how contaminants might move from one aquifer to another (Karl, 2010). A second way the
groundwater remedy is not achieving MEDD goals is that Subterranean Research found high
concentrations of PCP in site extraction wells (Karl, 2010). This is discussed in the next
literature review document Fourth Five-Year Review Attachment 2: Technical Memo, Five Year
Evaluation for Groundwater, St. Regis Superfund Site.
Overall, the Fourth Five-Year Review finds that the RAs at the St. Regis Site “are
providing short-term protection to human health” (Karl, 2010, p.29). The review concludes that
the remedies in place are “expected to be protective of human health and the environment upon
selection of and completion of construction of the final site remedial action and the attainment of
groundwater cleanup objectives” and “there are no unacceptable current human risks” (Karl,
2010, p.30). The EPA does disclose that as of September 2010, there are ecological pathways
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that can expose humans and the environment to contamination but these will be corrected during
the implementation of final remedial actions (Karl, 2010).
These conclusions are relevant to this research because of two key things. The first is that
EPA states that the remedies protect human health in the short-term only. The St. Regis Site
stakeholders, especially the LLBO, are concerned with both short-term and long-term health
protection. The use of future tense and phrases like “expected to be protective” and “upon the
selection and completion of construction” are vague. There are no specific construction actions
listed; no description of what the final site RAs might be; or when the selection, completion, or
implementation of these RAs might happen.
The EPA contracted Subterranean Research again to go over the annual reports from
2005-2009 and evaluate the groundwater remediation at the site the Fourth Five-Year Review
Attachment 2: Technical Memo, Five Year Evaluation for Groundwater, St. Regis Superfund
Site. Water quality samples, hydraulic measurements, and contour maps showing the HCZs were
once again examined. The annual report maps for 2005-2009, created by IP and Barr, were
“generated by linear interpolation with logarithmic drawdown behavior near wells” (Karl, 2010,
p. 27).
Subterranean Research found that in general “[t]he groundwater treatment system
continues to generally operate as designed and treated groundwater discharging to the channel
between Cass Lake and Pike Bay continues to meet state guidelines” at the St. Regis Site (Karl,
2010, p. 27). However, Subterranean Research came to three main conclusions about the
groundwater remedy at the St. Regis Site since their 2005 report. The first conclusion is that at
OU1 the contaminant plume is extending beyond the HCZ (Karl, 2010). This extension is in the
southeastern portion of OU1 near Pike Bay and the channel between Pike Bay and Cass Lake so
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the plume could be contributing to an interaction between groundwater and surface water (Karl,
2010). The second conclusion is that there is another extension of the OU1 contaminant plume to
the north (Karl, 2010). This second convexity will require increased monitoring of the northern
area of OU1 (Karl, 2010). The third conclusion is that the variability in the till between the upper
and lower aquifers has been confirmed (Karl, 2010). Additional investigations were planned
particularly because of the southeastern OU1 extension and the results will direct whether or not
the groundwater remedy will need to be modified (Karl, 2010).
At the same as releasing the groundwater report, Subterranean Research created a
detailed numerical analysis of PCP contaminant levels in wells over time (Karl, 2010). Looking
at all data from 1987 to 2008, there are downward trends at OU1 wells W403, W408, and W409
and at OU3 wells W2402 and W2403 (Karl, 2010). At OU1, 1987 to 2008 data also shows an
increasing PCP concentration trends at wells W401 and W405 (Karl, 2010). Subterranean
Research found that when the data is limited from 1995 or later only one pumping well at OU1,
W408, has downward trend for PCP concentrations (Karl, 2010). Pump-and-treat groundwater
remediation can have different short-term effects, generally more effective, than long-term
effects, generally less effective, so that is why Subterranean Research concluded that
“[i]ncluding all historical data in the analysis results in more downward trends” (Karl, 2010,
p.69).
This sampling data showed OU1 PCP concentrations at W401, W402, W405, and W409
are above 1,000 μg/L from 1995 to 2008 (Karl, 2010). At OU3 PCP concentrations at W2401
and W2402 are above 1,000 μg/L during the same time period (Karl, 2010). Furthermore,
extraction wells W401 and W405 show upward PCP concentration trends from 1995 to 2008
(Karl, 2010). The MEDD goals from the groundwater remedy were not attained from 1987 to
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2009 (Karl, 2010). There have been long-term elevated concentrations of PCP at the St. Regis
Site (Karl, 2010). Sampling data shows likely long-term PCP contamination west of the
extraction wells at OU1 and OU3 (Karl, 2010). Evidence that pump-and-treat groundwater
remediation can have generally less effective long-term results is one reason this research is
necessary. These less effective long-term results could be caused by the contaminated soil, as
will be discussed in later sections.
Site Remediation Document 2011 Human Health and Ecological Risk Assessment.
The Human Health and Ecological Risk Assessment Final Report: January 25, 2011, EPA Rep.
No. 924289 (2011). Hereafter, Human Health and Ecological Risk Assessment will be
abbreviated to HHERA. UAO Docket Number V-W-'04-C-796 was issued by the EPA to IP to
conduct a HHERA with an effective date of August 23, 2004 (Richardson, 2010). IP contracted
with Integral Consulting, Inc (hereafter Integral) and submitted the original HHERA for the St.
Regis Paper Company Superfund Site at Cass Lake, MN to the EPA on November 16, 2005
(Richardson, 2010). After an extensive two years of review and comments by the EPA, LLBO,
MPCA, other agencies, and PRPs IP submitted a revised HHERA on September 28, 2007
(Richardson, 2010).
The EPA and other agency partners issued new comments on the revised HHERA in a
letter and email dated February 8, 2008 and requested that IP create and Addendum to address
the new comments (Richardson, 2010). IP and Integral completed the Addendum and submitted
it to the EPA on May 30, 2008 (Richardson, 2010).
The EPA issued an “close-out” approval of the HHERA to IP on August 15, 2008 that is
subject to EPA’s modifications and conditional to the successful completion approval of the Fox
Creek Sediment Toxicity Study: Amphipod Survival and Growth Report (Richardson, 2010). IP
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and Integral worked to create the sediment toxicity and amphipod study and report. IP submitted
the Fox Creek Sediment Toxicity Study: Amphipod Survival and Growth Report to the EPA on
March 27, 2009 (Richardson, 2010).
Comments about the Fox Creek Sediment Toxicity Study: Amphipod Survival and
Growth Report by the EPA, LLBO, MPCA, and other agencies were issued to IP report on April
8, 2010 (Richardson, 2010). IP and Integral submitted the revised report to the EPA on June 4,
2010 (Richardson, 2010). The EPA notified IP via email that the revised report from June 2010
is accepted if three EPA memoranda were added to the report on November 15, 2010
(Richardson, 2010).
On November 24, 2010, IP transmitted the final report titled Fox Creek Sediment
Toxicity Study: Amphipod Survival and Growth to the EPA (Richardson, 2010). The three EPA
memoranda were attached as Appendix C as well as text modifications to acknowledge the
memoranda and briefly summarize their contents (Richardson, 2010). The EPA emailed Integral
requesting copies of the 2004 laboratory reports on November 29, 2010 (Richardson, 2010).
Integral provided scanned copies of all laboratory reports by email on November 30,
2010 (Richardson, 2010). With Fox Creek Sediment Toxicity Study: Amphipod Survival and
Growth Report completed, IP began the final revisions to Section 5 of the HHERA December 6,
2010 (Richardson, 2010). IP and Integral submitted the final version of the HHERA to the EPA
on January 25, 2011 (Drexler, 2011). EPA sent IP a letter ON February 22, 2011 as a Notice of
Completion of the work required under the original Docket Number V-W-'04-C-796 (Drexler,
2011).
Human Health Risk Assessment. The EPA defines a human health risk assessment “as a
quantitative evaluation of the risk posed to human health by the actual or potential presence of
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chemicals in the environment” (HHERA, 2011, p. 4-168). The human health risk assessment for
the St. Regis Site evaluated two areas for exposure media of soil, indoor dust, shallow
groundwater, sediment, forested wetland surface water, and homegrown produce (HHERA, 2011
p. 4-168).
Human Health Risk Assessment Results. This risk assessment found that contact with
chemicals of potential concern in shallow groundwater do not pose adverse noncancer health
effects are expected to occur due to for residents, onsite workers, individuals engaged in
traditional tribal lifeways, and individuals engaged in recreational activities on or near the St.
Regis Site (HHERA, 2011, p. 4‐169).
For the St. Regis Site, all approximated incremental increases in cancer risk are within or
below EPA’s acceptable cancer risk range of 1x10–6 to 1x10–4 (HHERA, 2011, p. 4‐169). These
estimates are for all residents, long‐term onsite workers, short‐term utility workers, individuals
engaged in outdoor recreational activities, and individuals engaged in traditional tribal lifeways
on the St. Regis Site as a result of contact with chemicals of potential concern on any of the
previously listed exposure medias (HHERA, 2011, p. 4‐169).
The estimated risk for getting cancer from exposure to environmental media at the St.
Regis Site is 1000 times less than the risk of developing cancer for all males and females in the
course of daily life in the United States (HHERA, 2011, p. 4‐169). For the existing residential
areas, the highest dioxins/furans intake among existing residences is less than the low end of
World Health Organization’s tolerable daily intake range (HHERA, 2011, p. 4‐169).
The human health risk assessment found that dioxin/furan concentrations “in fish and fish
eggs from Cass Lake and Pike Bay are indistinguishable from background reference lakes” so
consumption of fish poses no higher risk than the reference lakes (HHERA, 2011, p. 4‐170).
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Some evidence showed coplanar dioxin-like PCB congeners were found in higher concentrations
in Cass Lake and Pike Bay than in the reference lakes (HHERA, 2011, p. 4‐170).
Overall, the HHERA concluded that for human health risks the interim remedial actions,
such as reducing exposure to soils and house dust and ongoing remediation of shallow
groundwater, are sufficiently protecting human health (HHERA, 2011, p. 4‐170).
Ecological Risk Assessment. The EPA defines the ecological risk assessment as
… a general description of potential effects associated with exposure to chemicals
of potential ecological concern, information on the fate and transport of chemicals
of potential ecological concern related to exposure pathways of each ecological
receptor, detailed conceptual site model for terrestrial and aquatic habitats, and
assessment and measurement endpoints (HHERA, 2011, p. 5-1).
For the St. Regis Site a revised data set with sampling events from 2001-2010 were used to
screen chemicals of interest this ecological risk assessment (HHERA, 2011, p. 5-1). Terrestrial
receptors used for this risk assessment were the terrestrial plant community as food and or
habitat for wildlife, the soil invertebrate community as food for wildlife, and the survival rates
and rates of reproductive success for herbivorous and insectivorous birds and mammals
(HHERA, 2011, p. 5-114). Aquatic receptors for the St. Regis Site ecological risk assessment
were aquatic habitats of freshwater benthic invertebrate community as food animals higher in the
food chain, survival growth and reproduction forested wetland aquatic communities, and finally
survival and reproductive success of fish, snapping turtles, semi‐aquatic birds, and semi‐aquatic
mammals (HHERA, 2011, p. 5-117).
Ecological Risk Assessment Results. Ecological risks at the St. Regis Site were
comprehensively and conservatively analyzed. This risk assessment did not discover any risks or
low to negligible risks from chemicals of potential ecological concern to terrestrial plant
communities, terrestrial birds, aquatic communities, fish, semi‐aquatic mammals, or to semi‐
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aquatic birds associated with Cass Lake, Pike Bay, and Fox Creek (HHERA, 2011, p. 5-112).
The HHERA emphasized that no risks to were found to fish in any aquatic area of the Site, Cass
Lake, or Pike Bay (p. 5-119).
Insectivorous terrestrial mammals may have some risks to mercury exposure near OU3,
the former city dump area (HHERA, 2011, p. 5-112). However, the reasonable maximum
exposure was found from mink, which are a very sensitive species, so this may have caused an
overestimate of mercury toxicity to other insectivorous terrestrial mammals (HHERA, 2011, p. 5112).
For most of the St. Regis Site there were very low risks to soil invertebrate communities
and benthic invertebrate communities (HHERA, 2011, p. 5-112). In the southwest area of the St.
Regis Site there was one testing station that showed soils caused an 80% toxic mortality to
earthworms (HHERA, 2011, p. 5-112). Overall high concentrations of chemicals of potential
ecological concern in soils that exceed safe levels for invertebrates or plants were dispersed
across the St. Regis Site and occur only at a small percentage of soil stations (HHERA, 2011, p.
5-119).
Site Remediation Documents 2011. The Revised Fish Hatchery Wells Aquifer Test
Report was released on March 2, 2011, (GFSM-GFMAA, 2016). Figure 2.7, which was Table B6 from page B-21 of the 2015 Groundwater Flow Simulation Modeling Groundwater Flow
Model Calibration and Verification, shows significant events of the testing in chronological
order (GFSM-GFMAA, 2016, p.B-19). During the aquifer testing period from September 27
through October 12, 2009, OU1 and OU3 extraction wells were pumping as non-stop as was
possible (GFSM-GFMAA, 2016, p.B-19). The data from this test was used for the calibration and
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verification of the 2015 MODFLOW groundwater model runs. The averages used for calibration
and verification are shown in Table 2.3.

Figure 2.7. Significant Events during the LLBO DRM Fish Hatchery Wells Aquifer Testing
Period (GFSM-GFMAA, 2016, p.B-21)
Table 2.3
Average Pumping Rates (GFSM-GFMAA, 2016, p.B-20)
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During this aquifer test the Cass Lake City wells 4 and 5 were pumping at average rates
of approximately 117.3 liters per minute (31 gallons per minute) (GFSM-GFMAA, 2016, p.B20). This data is important to this research to know how IP and Barr were simulating pumping
rates and calibrating their 2015 groundwater model.
IP and Barr finished two aquifer reports during March of 2011. On March 2, 2011, the
Revised Fish Hatchery Wells Aquifer Test Report (GFSM-GFMAA, 2016) was released. The final
results of the December 2006 Aquifer Testing Report were provided on March 21, 2011 (GFSMGFMAA, 2016).
IP and BNSF released their Revised Final Feasibility Study Report – Soils on April 14,
2011 (Administrative Record 924308, 2016). This study outlines eight remediation actions that
could be taken to address the soil contamination at the St. Regis Site. In May of 2011, the EPA
consulted with the National Remedy Review Board to determine which of the eight remedial
actions should be chosen for the St. Regis Site. The National Remedy Review Board was created
by “1995 Superfund Administrative Reforms to help control response costs and promote
consistent and cost-effective remedy decisions” (Legare, 2011). The EPA responded to IP and
BNSF that they approved the Revised Final Feasibility Study Report – Soils as long as their
recommendations were added. IP and BNSF responded with the revised document with the
recommendations on June 8, 2011.
Subsequently in June of 2011, the EPA issued the Proposed Plan to address soils to the
public and held a public hearing on June 23, 2011; they accepted comments and then had another
public hearing on August 3, 2011 (Karl, 2011; Mattison & Richardson, 2011). Due to interest at
this meeting, the EPA extended the public comment period to August 22, 2011 (Karl, 2011;
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Mattison & Richardson, 2011). In the end of August 2011, the EPA received fourteen public
comments as well as comments from the City of Cass Lake, MPCA, LLBO, IP, and BNSF.
IP and Barr submitted their Groundwater Flow Simulation Modeling Quality Assurance
Project Plan to the EPA on September 8, 2011 (GFSM-GFMAA, 2016).
As a result of the 2011 Soil Feasibility Report, IP was ordered to collect more soil and
groundwater samples to improve the data in order to accurately perform cleanup actions during
2012 and 2013 (Community, 2016). IP and Barr submitted their Soil Sampling for Feasibility
Study Report in November of 2013, which detailed the results of the 2012 and 2013 sampling
investigations (Community, 2016).
Site Remediation Documents 2013. The Vertical Aquifer Sampling Investigation
Report, Operable Unit 1 provided the most accurate information about the aquifer properties at
the St. Regis Superfund Site in the history of the site remediation. This report detailed four
different geologic cross sections around OU1. Below are Figures 2.8–2.16 showing the results
found by IP and Barr. The main conclusion found the current groundwater monitoring network
does not monitor central area of the upper outwash (Vertical Aquifer Sampling Investigation
Report, 2013, p.17[hereafter VAS Investigation Report, 2013]). This is an issue because the
vertical aquifer sampling found the highest PCP concentrations in that central area (VAS
Investigation Report, 2013, p.17). IP and Barr recommended that “the groundwater monitoring
network east of OU1 should be adjusted to monitor the PCP plume in the middle of the upper
outwash near the channel” (VAS Investigation Report, 2013, p.17). The complete report can be
found in Appendix E.
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Figure 2.8. Vertical Aquifer Sampling Investigation Report, Operable Unit 1 study area – created by the author based on data from
Figure 3 Cross Section Locations (VAS Investigation Report, 2013, p.29). See Appendix E for full original report.
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Figure 2.9. Vertical Aquifer Sampling Cross Section A detail– created by the author based on
data from Figure 3 Cross Section Locations (VAS Investigation Report, 2013, p.29).
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Figure 2.10. Diagrammatic Geologic Cross Section A-A’ (VAS Investigation Report, 2013, p.30).
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Figure 2.11. Vertical Aquifer Sampling Cross Section B detail– created by the author based on data from Figure 3 Cross Section
Locations (VAS Investigation Report, 2013, p.29).
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Figure 2.12. Diagrammatic Geologic Cross Section B-B’ (VAS Investigation Report, 2013, p.31).
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Figure 2.13. Vertical Aquifer Sampling Cross Section C detail– created by the author based on data from Figure 3 Cross Section
Locations (VAS Investigation Report, 2013, p.29).
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Figure 2.14. Diagrammatic Geologic Cross Section C-C’ (VAS Investigation Report, 2013, p.32).
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Figure 2.15. Vertical Aquifer Sampling Cross Section D detail– created by the author based on data from Figure 3 Cross Section
Locations (VAS Investigation Report, 2013, p.29).
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Figure 2.16. Diagrammatic Geologic Cross Section D-D’ (VAS Investigation Report, 2013, p.33).
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These results are essential to the knowledge of the St. Regis Site and how to proceed with
a successful clean up attempt. However, these results are only for OU1 and knowledge of the
lithography and aquifer thicknesses for the other operable units are needed as well.
In September of 2013, the EPA sent their Approval for Changes to the Water Quality
Monitoring Program to IP, and IP and Barr issued their Interim Follow-up Groundwater Quality
Investigation Report, Operable Unit 3 to the EPA (Karl, 2015).
Site Remediation Documents 2014. The Groundwater Flow Simulation Modeling,
Updated 3-D Solids Model Development report was submitted to the EPA by IP and Barr on
January 31, 2014 (GFSM-GFMAA, 2016; Karl, 2015). This document outlines the improved
groundwater model to be used in future reports. On March 26, 2014, IP and Barr gave their
updated NAPL Investigation Summary Report to the EPA (GFSM-GFMAA, 2016; Karl, 2015). IP
and Barr held calls and meetings about the NAPL investigation in January and July 2008. They
released the working final draft of their NAPL Investigation Report November 5, 2008 (Karl,
2010). However, the final version of the report was not released until for another 5 years, 4
months, and 21 days on March 26, 2014. This delay did result in a very detailed report
containing valuable information about the DNAPL and LNAPL pollution as well as lithography
and aquifer information in OU3 at the St. Regis Site. To obtain this site data, IP and Barr used
Electrical Conductivity (hereafter EC) Probes, Laser Induced Fluorescence (hereafter LIF)
Probes, and Confirmation Soil Borings. During their 2008 investigation, IP and Barr used 46 EC
probes, 44 LIF probes, and 14 confirmation soil borings. There were an additional 10 LIF probes
and 14 soil confirmation borings used during their 2009 investigation. The extent of the pollution
can be seen below in Figure 2.17. Fortunately, the results found that the DNAPL pollution did
not extend to the Fox Creek wetland area, confirmed by soil core observations, LIF data, and
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groundwater monitoring data (NAPL Investigation Summary Report 2014, p.25). During this
investigation, IP and Barr installed six new monitoring wells in OU3, W-2239, W-2339, W2238, W-2228, W-2237, W2140. These wells were used during the investigation and will be
used to continually monitor groundwater pollution levels in OU3 (NAPL Investigation Summary
Report 2014, p.25).

Figure 2.17. Extent of LNAPL / DNAPL – Figure 6 from IP and Barr’s NAPL Investigation
(NAPL Investigation Summary Report 2014, p.84).
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The NAPL Investigation Summary Report also includes nine DNAPL and LNAPL
geologic cross sections seen in Figure 2.18. The complete report with all the cross sections
profiles can be found in Appendix F pages 86-95.

Figure 2.18. Geologic Cross Section Locations – Figure 7 from IP and Barr’s NAPL
Investigation (NAPL Investigation Summary Report 2014, p.85).
In April of 2014, the MDH and the LLBO DRM issued a Letter Health Consultation for
Surface Soil Contamination Data Gaps for Residentially-Zoned Areas (Potential Current Dioxin
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Exposure) (Community, 2016). The following August, the Leech Lake Reservation Business
Committee issued Resolution No. 2015-27 to approve the April 2014 letter as a matter of tribal
law and policy as well as to “adopt the soil sampling recommendation as tribal requirements to
be implemented as applicable or relevant and appropriate requirements within the exterior
boundaries of the Leech Lake Reservation” (Community, 2016).
Several reports and memoranda were submitted by IP and Barr during May, June, and
July of 2014. These include: the May 1, 2014 Technical Memorandum W2401 Extraction Well
Replacement; the May 14, 2014 Draft Revision 1.0 of Draft Quality Assurance Project Plan
Groundwater Monitoring Activities; the June 2014 Follow-up Groundwater Quality
Investigation Report, Operable Unit 3; the July 10, 2014 Response to EPA Comments on the
May 1, 2014 W2401 Extraction Well Replacement Technical Memorandum; and the July 14,
2014 Technical Memorandum – Operable Unit 2 Groundwater Investigation, February–March
2014 Data Submittal (GFSM-GFMAA, 2016; Karl, 2015).
In September 2014, IP and Barr provided three reports to the EPA, Groundwater Flow
Simulation Modeling, Groundwater Flow Model Calibration Set-up – Interim Report,
Monitoring Well Installation Work Plan, Operable Unit 1, and the final version of Follow-up
Groundwater Quality Investigation Report, Operable Unit 3 (Karl, 2015). The EPA approved the
work plan on October 30, 2014 (Karl, 2015). The EPA received IP and Barr’s Monitoring Well
Installation Work Plan, Operable Unit 3 and the final version of the Operations and
Maintenance Plan, Version 2 in December 2014 (Karl, 2015).
Site Remediation Documents 2015. In January of 2015, IP and Barr provided their
Final Supplemental Feasibility Study Report – Soils to the EPA (Administrative Record 924308,
2016; Karl, 2015). The EPA approved IP and Barr’s Monitoring Well Installation Work Plan,
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Operable Unit 3 on January 15, 2015 (Karl, 2015). IP and Barr also gave a Technical
Memorandum titled OU2 Groundwater Quality Investigation – December 2014 Results and
Proposed 2015 Investigation to the EPA on January 16, 2015, which the EPA approved on
January 28, 2015 (Karl, 2015).
IP and Barr published their initial version of Groundwater Flow Simulation Modeling,
Groundwater Flow Model Calibration and Verification in March 2015 (Karl, 2015). The final
version was released in October 2015. This final version found that of the eight data sets used in
the MODFLOW Model calibration, the calibration goals were met for six of the data sets
(GFSM-GFMAA, 2016, p. 22-23; Karl, 2015). In addition, both data sets used for model
verification met their calibration goals (GFSM-GFMAA, 2016, p. 22-23; Karl, 2015). IP and Barr
found that most of the calibration constraints were satisfied and both the model calibration and
the model verification were considered successful (GFSM-GFMAA, 2016, p. 22-23; Karl, 2015).
During July 2015, the EPA completed and published The Fifth Five-Year Review. As
with its four predecessors, it was found that soil and groundwater at the St. Regis Site are still
contaminated and not protective of human health and the environment (Community, 2016). The
Fifth Five-Year Review, released on July 27, 2015, reports about how effective the remedies are
working in each operational unit. It also reports about what needs to be done to protect human
health and the environment over the long term. The Fifth Five-Year Review includes many
appendices but two are important to this research: Appendix E: Technical Memo Five Year
Groundwater Review, St. Regis Superfund Site and Appendix G: Leech Lake Band of Ojibwe
Comments on EPA's Draft Five-Year Review Report.
Remedy Statuses. The Fifth Five-Year Review reports that both the soil/sludge
containment and the groundwater remedies are somewhere between Superfund step Seven
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Construction Completion and step Eight Post-Construction Completion which is known as
operation and maintenance status (Karl, 2015). For the indoor dust and surface soils, at the time
of the Fifth Five-Year Review, IP continues to carry out the interim remedies of high-efficiency
particulate vacuuming of houses, house HVAC cleaning, clean soil and grass seed spread on
yards, and dust suppressant to be spread on the unpaved roads in OU7 (Karl, 2015). For
contaminated soils, the EPA was evaluating the 2014 Supplemental Feasibility Study Report –
Soils Prepared for IP and BNSF by Barr to propose the soil cleanup plan to the public sometime
in late 2015 or early 2016 (Karl, 2015).
Remedy Effectiveness for OU2. The Fifth Five-Year Review found that the remedies at
OU2 haven not been protective of the environment (Karl, 2015). This is because the
contaminated soil is deadly to terrestrial invertebrates (Karl, 2015). It was found that the
remedies are protective of human health for the short-term (Karl, 2015). For long-term
protectiveness for human health and the environment at OU2 the extent of the groundwater
contamination plume needs to be found and then remedies to treat the plume must be executed
(Karl, 2015). Most importantly for both short and long-term protectiveness a final soil remedy
needs to be chosen and implemented (Karl, 2015).
Remedy Effectiveness for OU1, OU3, and OU7. The Fifth Five-Year Review reports that
the remedies at OU1, OU3, and OU7 are protective of human health and the environment for the
short-term only. The report concludes this “because there are no current pathways that could
result in unacceptable risks” (Karl, 2015, p.vii). For each of these operational units, the report
recommends what actions are needed to protect human health and the environment over the longterm. For OU1, OU3, and OU7 the final soil remedy must be carried out for long-term
protectiveness (Karl, 2015). Specifically, at OU1 there is a need to block contaminated
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groundwater from discharging into surface water. At both OU1 and OU3 the entire groundwater
contaminant plume needs to be treated by boosting the capacity of and/or installing more
extraction wells to ensure long-term protectiveness (Karl, 2015).
Institutional Controls. To ensure long-term protectiveness at the St. Regis Site, the Fifth
Five-Year Review notes that actions must be taken (Karl, 2015). The first action is that an
institutional control decision document will need to be part of the selected soil remedy (Karl,
2015). Next the current institutional controls for other remedies need to be re-evaluated,
adjusted, or new institutional controls added (Karl, 2015). A long-term stewardship procedure,
such as an Institutional Control Implementation and Assurance Plan (ICIAP), must be created
(Karl, 2015). The ICIAP will “ensure that effective ICs are implemented, monitored, maintained,
and enforced” (Karl, 2015, p.25).
Fifth Five-Year Review Conclusions. At the time of the Fifth Five-Year Review, the
EPA reports that St. Regis Site still contains contaminants, hazardous substances, and pollutants
above levels that allow for unlimited use and unrestricted exposure on that land (Karl, 2015). As
a result, the EPA will conduct a Sixth Five-Year Review by July 2020 at the latest (Karl, 2015).
The Fifth Five-Year Review demonstrates that the remedies at the St. Regis Site are only
effective in the short-term and there is no long-term protectiveness for human health and the
environment. That makes this research to find additional ways to treat the groundwater relevant.
Fifth Five-Year Review Appendix E: Technical Memo Five Year Groundwater Review,
St. Regis Superfund Site. Once again, the EPA has contracted Subterranean Research, Inc to
evaluate the groundwater contamination at the St. Regis Site. The tests performed by
Subterranean Research show that the several issues they found in 2010 are still true in 2015 and
there are new concerns. One conclusion is that a sizable area of the plume at OU3 is not being
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captured by the pump and treat remedy (Technical Memo Five Year Groundwater Review, 2015,
p.24). Another finding is the discovery of a groundwater contamination plume at OU2 and there
is no current remedy for this plume at the time of the memo in 2015 (Technical Memo Five Year
Groundwater Review, 2015, p.24).
Subterranean Research agrees that the pump and treat remedy has helped to reduce
contamination since 1985 and this remedy should continue to be used (Technical Memo Five
Year Groundwater Review, 2015, p.24). However, since the remedy is thirty years old at the time
of the memo, Subterranean Research recommends repairs, reconstruction, and rehabilitation of
much of the pump and treat system (Technical Memo Five Year Groundwater Review, 2015,
p.24). Subterranean Research lists out examples of several major repairs needed, including the
entire force main system at OU1 (Technical Memo Five Year Groundwater Review, 2015, p.24).
The EPA defines force mains as “pipelines that convey wastewater under pressure from the
discharge side of a pump or pneumatic ejector to a discharge point” (Wastewater Technology
Fact Sheet: Sewers, Force Main, 2000, p.1). Energy to work the force mains come from pumps
or compressors in a lift station (Wastewater Technology Fact Sheet: Sewers, Force Main, 2000,
p.1). The EPA states that a disadvantage of force main system is that they require frequent
cleaning and maintenance to remove buildup 0of solids and prevent corrosion (Wastewater
Technology Fact Sheet: Sewers, Force Main, 2000, p.2). Subterranean Research notes that IP
and Barr are aware that the pump and treat remedy at OU1 cannot function without the critical
component of an operational force main (Technical Memo Five Year Groundwater Review, 2015,
p.24). Subterranean Research recommend that the force main at OU3 be evaluated and “[p]reapproved workplans for the replacement of W405, W409, W2402, and W2403 should be
developed as soon as possible” (Technical Memo Five Year Groundwater Review, 2015, p.24).

103
The memo also states that pump and treat systems can be unreliable due to the need for
expensive continual maintenance (Technical Memo Five Year Groundwater Review, 2015, p.24).
Subterranean Research finishes the memo by recommending that larger workplans
replace smaller ones that have become a routine practice at the St. Regis Site (Technical Memo
Five Year Groundwater Review, 2015, p.25). They feel that the smaller scope projects are
causing unnecessary delays in how fast the St. Regis Site can be rehabilitated (Technical Memo
Five Year Groundwater Review, 2015, p.25). Subterranean Research also recommends that
intervention limits could be used for groundwater monitoring wells to better understand pollution
levels and should be reconsidered as part of continued operation and maintenance of the St.
Regis Site (Technical Memo Five Year Groundwater Review, 2015, p.25). The MPCA has statute
7035.2815, which establishes groundwater intervention limits for Mixed Municipal Solid Waste
Land Disposal Facilities Standard in micrograms per liter (“Rules: MPCA Minnesota
Administrative Rules”, 2013). These MPCA intervention limits are 0.007 micrograms per liter of
PAH, 0.02 micrograms per liter of PCBs, and 55 micrograms per liter of PCP (“Rules: MPCA
Minnesota Administrative Rules”, 2013). They do not have an interventional limit for creosote
on the statue. These groundwater interventional limits could be applied to groundwater
monitoring wells and limits for pollutants not listed in the statute could be developed.
Fifth Five-Year Review Appendix G: Leech Lake Band of Ojibwe Comments on EPA's
Draft Five-Year Review Report. The LLBO retained the Pacific Groundwater Group (hereafter
PGG) to provide expert knowledge and technical comments on the Fifth Five-Year Review and
its appendices (Jones et al., 2015, p.G-11). PGG and the LLBO strongly disagree with some of
the findings of the EPA’s Fifth Five-Year Review and Subterranean Research’s Fifth Five-Year
Review Appendix E: Technical Memo Five Year Groundwater Review, St. Regis Superfund Site
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(Jones et al., 2015, p.G-1). PGG thinks that the pump and treat groundwater remediation system
should be reconsidered since it has not met 25-year remediation goals and improbable that future
remediation goals will be met (Jones et al., 2015, p.G-11). The highly expensive current pump
and treat remedy costs one-half of a million to three-fourths of a million dollars a year to operate
(Jones et al., 2015, p.G-11). Groundwater remediation technologies have improved since 1984
and PGG thinks new methods will be less expensive and will treat the pollution faster (Jones et
al., 2015, p.G-11). Feasibility studies from similar Superfund sites were examined by PGG and it
was found that “the cost-effectiveness of excavation, thermal treatment, and fixation are greater
than hydraulic control, which must operate for hundreds of years” (Jones et al., 2015, p.G-11).
Fixation, or in-situ solidification/stabilization, is a popular soil remediation. Furthermore, PGG
could find no groundwater remedy existing in OU2 at the time of the report and they recommend
a Focused Feasibility Study address the OU2 contamination plume instead of just trying to
connect it to the existing pump and treat remedy (Jones et al., 2015, p.G-11). All PRPs and other
parties would benefit from trying an alternate technology at OU2 because it could be a pilot test
for how a new technology works and could be applied to OU1 and OU3 in the future if it is
successful (Jones et al., 2015, p.G-11). In addition, to the Focused Feasibility Study, PGG feels
the EPA should update the Applicable or Relevant and Appropriate Requirements (ARARs) for
the St. Regis Site (Jones et al., 2015, p.G-11). PGG sites an example how the HHRA report did
not consider how often or many LLBO people fish and did not include a “study of LLBO fish
consumption levels and 113.9 grams per day (g/day) assumed for this site is less than many
established tribal fish consumption rates. As a result, protectiveness by is not adequately
considered for the site” (Jones et al., 2015, p.G-11). As discussed earlier, the LLBO hazardous
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Substances Control Act was passed in 2000 and it should be included as part of the revised
ARARs (Jones et al., 2015, p.G-11).
Site Remediation Documents 2015-2017. IP and Barr sent their report Groundwater
Flow Simulation Modeling, Groundwater Flow Model Calibration and Verification to the EPA
in October 2015 (GFSM-GFMAA, 2016).
The EPA issued a press release on March 30, 2016 to announce a proposed plan to clean
up soil contamination in OU7, the residential areas of the St. Regis Site (Community, 2016;
“EPA Proposes St. Regis Paper Co. Cleanup Plan,” 2016). They also released the public notice
Cleanup Plan Removes Pollution From Residential Area to the public at the end of March 2016.
From March 28 to May 27, 2016 the EPA accepted public comments on the proposed plan for
OU7 (Leon, 2016a; Leon 2016b; Liedke, 2016). A public meeting was held in the Cass LakeBena Elementary School on April 9, 2016 (“EPA Proposes St. Regis Paper Co. Cleanup Plan,”
2016). This was an information session to explain details of the proposed cleanup as well as an
opportunity for the public to comment (“EPA Proposes St. Regis Paper Co. Cleanup Plan,” 2016;
Liedke, 2016).
In May of 2016, IP and Barr provided a draft of their newest groundwater flow model
Groundwater Flow Simulation Modeling - Groundwater Flow Model Application Assessment
(GFSM-GFMAA, 2016). This is the most detailed groundwater model created by IP and Barr for
the St. Regis Site. It includes in-depth data on the hydrostratigraphic units and descriptions of the
soil media. The estimated extents of hydraulic capture from the 2009 and 2012 are discussed and
shown in figures as well as information of particle tracking based on 2009 and 2012 simulated
model heads.
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The EPA held another public hearing about the remedies at the St. Regis Site during
August 2016 and accepted comments in September of 2016 (Liedke, 2016). Then in October of
2016, the EPA issued their second Community Involvement Plan to the public. The EPA learned
community concerns during the August 2016 public meeting (Community, 2016). In this plan,
the EPA mapped out how it would address community concerns as well as work to keep
residents informed of cleanup actions at the St. Regis Site (Community, 2016).
The final revision of the GFSM-GFMAA, 2016 would be released in January 2017. On
Friday, September 22, 2017, the EPA filed a lawsuit against the City of Cass Lake to pay for the
cost to clean up the St. Regis Site land owned by the city, which was used for a landfill (Smith,
2017). The city did not realize it had bought contaminated land in 1988 until the EPA informed
them in 2007 that they were potentially liable for cleanup costs (Smith, 2017). The City of Cass
Lake was to pay $30,000 since it has limited finances due to its small size and the lawsuit will
absolve them of any additional liability (Smith, 2017). The City of Cass Lake has expressed a
desire for the property to be cleaned up and redeveloped (Smith, 2017).
IP had Barr provided their Technical Memorandum Report: MODFLOW Model Revision,
LLBO Dry Zone Fix to the EPA on October 26, 2017 as a revision to the January 2017 version of
the groundwater flow model (Marini, Conway, & Dahlstrom, 2017). The summary and
conclusions are stated in clear and simple terms:
The revisions made to the MODFLOW Model are consistent with discussions
with EPA. Model changes were limited to layer elevation changes in layers 3
through 6 near Fish-2 based on data from surrounding, more reliable boring logs.
The model layer elevation changes addressed the dry zone near OU2 and did not
change simulated water elevations significantly. (Marini, Conway, & Dahlstrom,
2017, p.3)
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IP submitted the final version of the ground water model and memorandums to the EPA's
database St. Regis Paper Co. Cass Lake, MN Site Documents & Data in December 2017. This is
the most recent document on the EPA’s St. Regis Site website database at the time of writing.
As discussed in Chapter I, many site documents help to provide information about the
history of the site and a detailed timeline with references to specific site documents and page
numbers can be found in Appendix B.
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Chapter III. Methodology
Tools and Resources
The software used for this study was ESRI’s ArcGIS Desktop 10.5.1 ArcCatalog to the
store the database and ArcMap to create maps. Tools that were utilized in this study were
Gridded Soil Survey Geographic (hereafter gSSURGO) Database, Digital Elevation Model
(hereafter DEM) Light Detection and Ranging (hereafter LiDAR), Watershed Boundary Dataset,
and Minnesota Well Index’s Well and Boring Reports.
Aquifer Properties
According to 1991 and 1996 studies there are four major hydrogeologic units for aquifer
below the Study Area. These include an unconfined aquifer, an upper confining unit of clay and
till, a confined aquifer, and a lower confining unit of clay and till (Stark, Busch, & Deters, 1991;
Lindgren, 1996). The unconfined aquifer saturated thickness could range from 0 to 34 meters
(105 ft) but is mostly about 4.5 m (15 ft) to 9.1 m (30 ft) (Stark, Busch, & Deters, 1991;
Lindgren, 1996). Cross sections of the aquifer at OU1 were shown in the VAS data Figures 2.102.17. As seen in the figures from Site Remediation Documents 2013, the extent of the continuity
of the upper aquifers confining layer is unknown. This uncertainty of how continuous or
discontinuous the confining layer is will have an impact on the groundwater flow at the St. Regis
Site. In addition, the 1999 GPR results showed that the topography of the confining layer is
bumpy (as seen in Figures 2.4, 2.5.A, 2.5.B, and 2.6), and there are likely pools of DNAPL
trapped within the depressions.
Glacial Geology
The quaternary geology and geomorphic landform association of the St. Regis Site
includes DHE - End Moraine (Des Moines Lobe--Sugar Hills Moraine) in the northwest region,
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DSS - Stagnation Moraine (Des Moines Lobe--Big Stone Moraine) in the northeast region, DO Outwash - Undivided as to Moraine Association in the central region including the entire
Superfund Boundary area, and WIG - Ground Moraine (Wadena Lobe--Itasca Moraine) on the
western edge as well as southeast and southwest regions (Maeder & Rader, 2014; Jirsa et al.,
2011).
The Lithology is sand and gravel over the entire Superfund Boundary area (Maeder &
Rader, 2014; Jirsa et al., 2011). This means this glacial geology will have a high porosity. The
Hobbs and Goebel Lithology is Diamicton for the corners and Sand for the central region
(Maeder & Rader, 2014; Jirsa et al., 2011; Hobbs, Goebel, & Lively, 1982). The Glacial Lobe of
the Study Area is Des Moines from the Early Wisconsinan glacial stage for the northern and
central regions and the Wadena Lobe from the Late Wisconsinan glacial stage in the southeast
and southwest regions (Maeder & Rader, 2014; Jirsa et al., 2011). The Deposit Type is Glacial
Moraine in the corners of the Study Area and Glaciofluvial Apron in the central region (Maeder
& Rader, 2014; Jirsa et al., 2011). These sediments were deposited during the last glaciation
(Maeder & Rader, 2014; Jirsa et al., 2011). The Pre-Cambrian Bedrock for the entire Study Area
and Superfund Boundary area is Bemidji batholith (Maeder & Rader, 2014; Jirsa et al., 2011).
Soil Data
The U.S. Department of Agriculture’s (hereafter USDA) Natural Resources Conservation
Service (hereafter NRCS) 2017 gSSURGO Database for Beltrami, Cass, Hubbard, and Itasca
Counties, Minnesota provided a GIS soil layer for this St. Regis Site study. The gSSURGO was
retrieved from the USDA NRCS Geospatial Data Gateway’s Direct Data/NAIP Download
(Sweet, 2017). Soil media data was gathered from the 1997 Soil Survey of Cass County Area
(Richardson, 1997), 1997 Soil Survey of Beltrami County Area (Larson & Rolling, 1997), and
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the 2000 Soil Survey of Hubbard County (Neuenfeldt, 2000). These three soil surveys were from
the Minnesota Agricultural Experiment Station and the USDA NRCS Forest Service.
Soil infiltration rates were found from many sources including Soil Infiltration Rates
(2018), Soils Specialist Report Beaver Allotment (Davidson, 2011, p. 7), Soils and landscapes of
Minnesota by the University of Minnesota Extension (Anderson, Bell, Cooper, & Grigal, 2001),
City of Ham Lake, MN Storm Water Pollution Prevention Plan Local Surface Water
Management Plan (2012), Minnesota Environment and Natural Resources Trust Fund’s
Hydrologic Soil Group - Knowledge Matrix (2013), and the Minnesota Stormwater Manual’s
Infiltration Design Guideline - Determining Site Infiltration Rates report (2016). Soil porosities
and saturated hydraulic conductivities were found from the USDA NRCS Soil Survey Regional
Office’s Saturated Hydraulic Conductivity in Relation to Soil Texture report (2018), Empirical
Equations For Some Soil Hydraulic Properties (Clapp & Hornberger, 1978), Chapter 8
Groundwater in the Hydrologic Cycle in Physical Hydrology textbook (Dingman, 2008).
For soil pollution data, the 2015 Final Supplemental Feasibility Study Report – Soils:
Revised December 2015 (Mattison & Richardson, 2015) and the 2011 Final Feasibility Study
Report - Soils January 13, 2011 (Mattison & Richardson, 2011) prepared by Barr for IP and
BNSF were used.
Watershed Boundary Data
GIS watershed boundaries were acquired from the 2017 National Watershed Boundary
Dataset from the USGS, USDA NRCS, and EPA’s National Geospatial Technical Operations
Center (2017). The National Watershed Boundary Dataset is a “comprehensive aggregated
collection of hydrologic unit data consistent with the national criteria for delineation and
resolution… defines the areal extent of surface water drainage to a point except in coastal or lake
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front areas where there could be multiple outlets” (2017). Cass Lake, Minnesota is in the 2-Digit
Hydraulic Unit 07 for the Upper Mississippi Region, inside the sub-regions of the Mississippi
Headwaters and Cass Lake-Mississippi River regions, and finally in the 12-Digit Hydraulic Unit
070101010507 of Pike Bay. These can be seen in Figure 3.1.

Figure 3.1. Watershed Boundaries (“Watershed Boundary Dataset (WBD) HU12,” 2017).
Well Data
Well Data was obtained from many of the St. Regis Site documents discussed in the
literature review section. In addition, the Minnesota Geological Survey's Minnesota County Well
Index and the County Well and Boring Reports from 2011 to 2019 were used to find well data
for the St. Regis Site. The GIS data was obtained from several Barr and IP reports as well as
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from the Well Location Points (Digitized) from the Minnesota Geological Survey's County Well
Index 2011 from the Minnesota Geological Survey and Minnesota Department of Health in Saint
Paul, MN (Wahl & Tipping, 2014).
Topography Data
Some of the topography of the St. Regis Site can be seen on Google Earth. Figure 3.2
shows the St. Regis Site boundary overlaid on Cass Lake, MN on Google Earth satellite imagery
and on USGS Quadrangle Topographic Map from Earth Point Topo Maps (Google Earth, 2020).
The Earth Point Topo Maps are “maps are seamless, scanned images of United States Geological
Survey (USGS) paper topographic maps” (Google Earth, 2020).
To obtain the most accurate surface topography. satellite imagery, high resolution DEM
LiDAR, was used to detect surface geology. Spectral data can be draped over landscape models,
combined with elevation, slope, aspect, and plan curvature parameters, or apply a shaded relief
effect (Gozzard & Langford, 2004). The elevation and slopes of the Superfund Boundary were
reviewed using One Meter Digital Elevation DEM LiDAR Bare Earth and Hillshade data from
the USDA NRCS Geospatial Data Gateway, (Davenport 2017a, Davenport 2017b). These can be
seen in Figures 3.3 and 3.4.
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Figure 3.2. St. Regis Site overlaid on Google Earth satellite imagery and on Google Earth USGS Quadrangle Topographic Map
(Google Earth, 2020).
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Figure 3.3. One Meter Digital Elevation DEM LiDAR Hillshade (Davenport 2017b)
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Figure 3.4. One Meter Digital Elevation DEM LiDAR Bare Earth (Davenport 2017a)
ArcToolbox Hydrology Spatial Analyst Toolset.
The ArcToolbox Hydrology Spatial Analyst Toolset was used to show where water
would stream and drain in the St. Regis Site Superfund Boundary. In ArcMap, the DEM LiDAR
Bare Earth was added as a layer. First, the Hydrology Fill Tool was used to fill in any sinks or
imperfections that might be on the raster surface of the DEM (Figure 3.5) (An Overview of the
Hydrology Toolset, 2018).
Next, the Flow Direction Tool was used to find the flow direction from each cell to the
steepest downslope neighboring cell (Figure 3.6) (An Overview of the Hydrology Toolset, 2018).
With the flow direction established, the Flow Accumulation Tool created a raster of accumulated
flow into each cell (Figure 3.7) (An Overview of the Hydrology Toolset, 2018).
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Figure 3.5. Hydrology Fill Tool Resulting Raster

Figure 3.6. Flow Direction Tool Resulting Raster
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Figure 3.7. Spatial Analyst Conditional Toolset of the Flow Accumulation Resulting Raster
Using the flow accumulation raster, the Spatial Analyst Conditional Toolset Con tool was
used to perform a conditional evaluation of each cell with regards to the flow direction
established earlier (An Overview of the Hydrology Toolset, 2018). The Con Tool created a
conditional flow accumulation raster. That raster was used as an input with the flow direction
raster for the Hydrology Toolset Stream Order Tool (Figure 3.8) (An Overview of the Hydrology
Toolset, 2018).
The Stream Order Tool assigns cells numbers to be branches of a linear network. The
resulting stream order raster and the flow direction raster are then used to run the Stream to
Feature Tool which converts the raster to a linear feature (Figure 3.9) (An Overview of the
Hydrology Toolset, 2018). Finally, the Basin Tool used the stream order raster to create a raster
defining the drainage basins of the St. Regis Site Superfund Boundary (Figure 3.10) (An
Overview of the Hydrology Toolset, 2018). That raster was converted with the Raster to Polygon
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Tool to have a polygon feature of the basins (Figure 3.11). Figure 3.12 shows stream flow within
each drainage basin.

Figure 3.8. Hydrology Toolset Stream Order Tool Resulting Raster
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Figure 3.9. Stream to Feature Tool Resulting Stream Line Vector

Figure 3.10. Basin Tool Resulting Raster
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Figure 3.11. Raster to Polygon Tool Resulting Basin Polygon Vector

Figure 3.12. Clipped Basin Overlaid on the Clipped Streams showing the major stream influents
resulting from topography
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Chapter IV. Results
Soil Data Results
The USDA NRCS 2017 gSSURGO Database showed twelve different kinds of soils
within the St. Regis Site Superfund boundary. These soils are Eagleview and Menahga soils with
1 to 8 percent slopes, Eagleview and Menahga soils with 3 to 15 percent slopes, Fluvaquents
frequently flooded, Histosols depressional, Humaquepts, Humaquepts sandy, Meehan loamy
sand with 0 to 3 percent slopes, Redby loamy fine sand with 0 to 3 percent slopes, Rifle-Rifle
ponded complex with 0 to 1 percent slopes, Roscommon loamy sand, Typic Borohemists with
nonacid-Typic Borosaprists association, and Zimmerman loamy fine sand with 1 to 8 percent
slopes. The locations of these soils can be seen in Figure 4.1 and a graph showing their area
percentages is in Figure 4.2.
Soil Taxonomy Official Soil Series Descriptions (OSD) from USDA Natural Resources
Conservation Service UC Davis California Soil Resource Lab website. Details about soil
taxonomy were gathered from Illustrated Guide to Soil Taxonomy, Version 2.0 (2015 [hereafter
Illustrated Guide, 2015]) from the U.S. Department of Agriculture, Natural Resources
Conservation Service, National Soil Survey Center and the The Twelve Soil Orders: Simplified
Key to the 12 Soil Orders (2018 [hereafter The Twelve Soil Orders, 2015]) from University of
Idaho. Of the twelve soil orders, the St. Regis Site has three soil orders present: Entisols,
Inceptisols, and Histosols.
Entisols make up 81% of the St. Regis Site area. Entisols are young soils without
significant profile development (Illustrated Guide, 2015; The Twelve Soil Orders, 2015). There
are two suborders of Entisols at the St. Regis Site, Psamments 73.85% and Aquents 7.15%.
Psamments include Eagleview, Menahga, Zimmerman, Redby, and Meehan soil series with
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sandy textures (Illustrated Guide, 2015). Aquents at the St. Regis Site include Fluvaquents and
Roscommon soil series and these wet soils are usually saturated in the upper part of the profile
(Illustrated Guide, 2015).
Inceptisols are soils with weakly developed subsurface horizons and make up 12.37% of
the St. Regis Site (Illustrated Guide, 2015; The Twelve Soil Orders, 2015). The Inceptisols soil
series at the St. Regis Site are Humaquepts Sandy and Humaquepts. Both of these are Suborder
Aquepts, which like the Entisol Aquents, are wet soils with saturated upper profiles (Illustrated
Guide, 2015).
Histosols are organic soils that have greater than twenty percent organic matter
(Illustrated Guide, 2015; The Twelve Soil Orders, 2015). For the St. Regis Site, Histosols are
about 6.72% of the area. The three types of soil series that are Histosols are Histosols
depressional, Rifle, Borohemists, and Borosaprists. Rifle and Borohemists are of the suborder
Hemists while Borosaprists are of the suborder Saprists. Both of these suborders are wet soils but
Hemists contain intermediate organic decomposition while Saprists contain the most organic
decomposition of the Histosols suborders (Illustrated Guide, 2015; The Twelve Soil Orders,
2015). Example profiles from the three soil orders can be seen in Figures 4.3 and 4.4. Details of
the soil profile letters and their meanings can be found in Appendix J: Soil Horizon Designation
Nomenclature.
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Figure 4.1. gSSURGO Soil Series GIS Data for the St. Regis Site (Beck, 2017)
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Figure 4.2. Pie Chart of gSSURGO Soil Series Areas for the St. Regis Site (Created by the
Author from Beck, 2017 data)
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Soil Taxonomy
Order: Entisols
Suborder: Psamments
Greatgroup: Udipsamments
Subgroup: Lamellic Udipsamments
Family: Mixed, frigid Lamellic
Udipsamments
Soil Series: Eagleview

Soil Taxonomy
Order: Entisols
Suborder: Psamments
Greatgroup: Udipsamments
Subgroup: Typic Udipsamments
Family: Mixed, frigid Typic
Udipsamments
Soil Series: Menahga

Soil Taxonomy
Order: Entisols
Suborder: Psamments
Greatgroup: Udipsamments
Subgroup: Lamellic Udipsamments
Family: Mixed, frigid Lamellic
Udipsamments
Soil Series: Zimmerman

Figure 4.3. Soil Taxonomy and Typical Profiles A from the Official Soil Series Descriptions
Fact Sheet from USDA Natural Resources Conservation Service UC Davis California Soil
Resource Lab (2020).
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Soil Taxonomy
Order: Entisols
Suborder: Psamments
Greatgroup: Udipsamments
Subgroup: Aquic Udipsamments
Family: Mixed, frigid Aquic
Udipsamments
Soil Series: Meehan

Soil Taxonomy
Order: Entisols
Suborder: Aquents
Greatgroup: Fluvaquents
Subgroup:
Family: Fluvaquents
Soil Series: Fluvaquents

Soil Taxonomy
Order: Histosols
Suborder: Saprists
Greatgroup: Borosaprists
Subgroup: Typic Borosaprists
Family: Typic Borosaprists, Euic
Soil Series: Histosols

Figure 4.4. Soil Taxonomy and Typical Profiles B from the Official Soil Series Descriptions
Fact Sheet from USDA Natural Resources Conservation Service UC Davis California Soil
Resource Lab (2020).
Detailed information about the media of these twelve soils can be found in Table 3.1.A
and Table 3.1.B. Soil Media Data from the Soil Surveys of Cass County (Richardson, 1997),
Beltrami County (Larson & Rolling, 1997), and Hubbard County (Neuenfeldt, 2000) by the
Minnesota Agricultural Experiment Station and the USDA NRCS Forest Service. The soil media
data includes Soil Drainage, Soil Permeability, Soil Water Capacity, Soil Surface Runoff, Depth
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to Water Table-Top, Depth to Water Table-Bottom, Depth to Bedrock, and Average Infiltration
Rate. This data is valuable to know for how the soil reacts with exposure to precipitation.
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Table 3.1.A
Soil Media Data (Neuenfeldt, 2000; Richardson, 1997; Larson & Rolling, 1997)
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Table 3.1.B
Soil Media Data (Neuenfeldt, 2000; Richardson, 1997; Larson & Rolling, 1997)
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Soil Pollution Data Results
IP and Barr’s 2015 Final Supplemental Feasibility Study Report – Soils: Revised
December 2015 showed the soil areas around the St. Regis Site that have the greatest need for
remediation. A sample grid was used to test the concentration of pollutants in the soil around the
St. Regis Site. The pollutants evaluated were the Toxic Equivalency Quotients for Dixoin-Furan
(TEQDF) and Benzo(a)Pyrene-Equivalents (BaPE) which indicates levels of PAH. The
cumulative cancer risk (Cum. CR) was also calculated, seen in Figure 4.5.

Figure 4.5. Table 2-7 from IP and Barr’s 2015 Final Supplemental Feasibility Study Report –
Soils: Revised December 2015 (Mattison & Richardson, 2015, p.177).
In the 2015 soils report, IP and Barr went onto show figures of the soil grid mapped over
the St Regis Site. Their figures showed Soil Concentrations Greater Than Level 1 and 2
Preliminary Remediation Goals for Residential Land Use (PRGs-R) and Soil Concentrations
Greater Than Level 2 and 3 for Preliminary Remediation Goals for Industrial/Commercial Land
Use (PRGs-I/C) (Mattison & Richardson, 2015, pp.228-231). Recreated versions of these with
monitoring and extraction wells can be seen in Figures 4.6, 4.7, 4.8, and 4.9.
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Figure 4.6. Recreation of Figure 3-1 Soil Concentrations Greater Than Level 1 PRGs-R
(Mattison & Richardson, 2015, p.228).

Figure 4.7. Recreation of Figure 3-2 Soil Concentrations Greater Than Level 2 PRGs-R
(Mattison & Richardson, 2015, p.229).
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Figure 4.8. Recreation of Figure 3-3 Soil Concentrations Greater Than Level 2 PRGs-L/C
(Mattison & Richardson, 2015, p.230).

Figure 4.9. Recreation of Figure 3-4 Soil Concentrations Greater Than Level 3 PRGs-L/C
(Mattison & Richardson, 2015, p.231).
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Figure 4.10. Combined Pollution Concentration Grid Results based on IP and Barr’s 2015 Final
Supplemental Feasibility Study Report – Soils: Revised December 2015 (Mattison & Richardson,
2015).
The darkest green soil areas in Figure 4.10 have the highest level of pollution for dixoinfurans (TEQDF) and PAHs (BaPE). These areas pose the greatest risk to human health and the
environment with the highest concentrations of persistent organic pollutants.
Combined Results: Stream Flow and Polluted Soil
Figure 4.11 shows the Superfund Boundary area with the major stream flow overlaid on
top of the most polluted soil areas. The major stream flow influents are causing surface drainage
from the most polluted soil in OU1 to flow away from and around the existing pump out
extraction wells at the St. Regis Site. That means the pollution from this OU1 soil can be
leaching into surface water and draining into the channel between Cass Lake and Pike Bay
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without being treated. In addition, some drainage in the southern portion of the Superfund
Boundary in OU7, OU2, and OU3 area is avoiding the OU3 pump and treat wells and flowing
into Fox Creek.

Figure 4.11. Major stream flow influents overlaid on the most polluted soil grid samples

Combined Results: Stream Flow, Polluted Soil, HCZ Areas
IP and Barr’s Approximate HCZ and Engineering Estimated Extent of the Hydraulic
Capture from GFSM-GFMAA, 2016 is shown in Figure 4.12. This data was digitized and then
layered on top of the stream flow results from this study. In Figure 4.13, the transparent orange
represents the Estimated Extent of Hydraulic Capture Using the Modified Two-dimensional
Approach for the April 25, 2012 Hydraulic Capture Event from Figure 4.12. This April 2012
estimated HCZ does not capture the major stream influents from the ground topography in the
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northern OU1 area. The Approximate Hydraulic Capture Zone from Barr and IP’s 2012 Annual
Report revised October 2013 can be seen in striped orange in Figure 4.14. This 2013 revised
approximate HCZ does include the contaminated soil area. The black dashed line in Figure 4.7
shows that IP and Barr’s future capture HCZ will be approximated from a much smaller area.

Figure 4.12. IP and Barr’s Figure 2-8 Estimated Extents of Hydraulic Capture from the 2012
Annual Report and the Modified Two-Dimensional Approach for the April 25, 2012 Hydraulic
Capture Event (GFSM-GFMAA, 2016, p30).
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This is treating groundwater pollution and soil pollution separately. Only calculating the HCZ in
this smaller area does not consider all factors contributing to the groundwater pollution.

Figure 4.13. IP and Barr’s Approximate Hydraulic Capture Zone Using the Modified Twodimensional Approach for the April 25, 2012 Hydraulic Capture Event overlaid on study results
data (GFSM-GFMAA, 2016, p30).
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Figure 4.14. IP and Barr’s Estimated Extent of Hydraulic Capture from Barr and IP’s 2012
Annual Report revised October 2013 overlaid on study results data (GFSM-GFMAA, 2016, p30).
The approximate HCZ from Figure 4.9 was simulated using four different value sources:
values based on October 2, 2009 event, values received from City of Cass Lake, 2006 values
from pumping rates of the LLBO DRM Fish Hatchery production wells, values based on
extraction well monitoring data. The estimated extent of HCZ in Figure 4.10 values are from the
estimates in the 2012 Annual St. Regis Paper Company Site Report, revised 2013, prepared for
International Paper.
Unfortunately, the 2016 groundwater model does not go into further detail of how or why
the estimated and approximate HCZs vary so widely. The HCZ could change with environmental
factors such as precipitation and soil infiltration. It would be helpful to see the differences in the
HCZ models used if they used the same code with different data or two different codes.
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Combined Results: Polluted Soil, Soil Type, and Stream Flow
Within the Superfund Site boundary, six of the twelve soils have rapid permeability and
five have moderate to rapid permeability. The most polluted soils in OU1 are mainly Eagleview
and Menahga soils with 1 to 8 percent slopes and Zimmerman loamy fine sand with 1 to 8
percent slopes, as seen in Figure 4.15. These are both excessively drained, have rapid
permeability, and low water capacity.
These characteristics mean that the water drains through these more porous soils quickly
and allows the pollution to be absorbed into the groundwater more easily than if there were less
porous soils in this area of the St. Regis Site. With the majority of the twelve soils all having
similar characteristics, the polluted soil is a contributor to the groundwater pollution situation at
the St. Regis Site.
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Figure 4.15. Polluted Soil, Soil Type, and Stream Flow at the St. Regis Site (Beck, 2017;
Mattison & Richardson, 2015; Neuenfeldt, 2000; Larson & Rolling, 1997; Richardson, 1997).
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Chapter V. Conclusion
This body of research reviewed the first 36 years remediation at the St. Regis Paper
Company Superfund Site. Thus far the remediation has not been effective at protecting human
health and the environment. The extensive literature review of this study highlights some
important investigations that have been conducted at the St. Regis Site. In particular, the 1999
GPR survey shows there is topography on the clay confining layer of the aquifer where DNAPL
pools are collecting in the depressions. The 2013 Vertical Aquifer Sampling Investigation Report
and the 2014 NAPL Investigation Summary Report show Geologic Cross Sections at OU1 and
OU3. These cross sections show the two gravel aquifers, but these investigations are nonconclusive about the constancy the clay confining layer. If the confining layer is discontinuous it
could be affecting the groundwater flow as well as pollution spread between the aquifers. IP and
Barr’s 2016 groundwater model showed how the pump and treat extraction wells are capturing
part but not all of the groundwater pollution.
In 1985 when the St. Regis Site Superfund clean-up effort began, it made sense to put the
pump and treat extraction wells in the areas with the most polluted soils. For the time, that was a
typical remedy for this type of groundwater pollution. As a result, the pump and treat extraction
wells near were planned where the disposal lagoons and landfills were located during the time of
operation. The pollution concentration areas identified in IP and Barr’s 2015 Soil Report
(Mattison & Richardson, 2015) showed that the most polluted soil was not just in the former
disposal lagoons and landfill areas. The report found several other areas of contaminated soil.
That data combined with the Hydrology Spatial Analyst Toolset results show that the areas of
most polluted soil unfortunately are located where water will gather and drain to due to the
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topography of the St. Regis Site. These soil areas have not been considered as contributing to the
groundwater pollution at the St. Regis Site.
These early assumptions about the locations of the contaminated areas have limited the
site remediation ever since. Neither the initial 1985 remediation plan nor any following
remediation plan revisions ever addressed other potential sources of groundwater pollution. The
gSSURGO soil type locations highlighted in this study show that 81% of the St. Regis Site soils
are sandy textured or saturated Entisols. The soil media data in Tables 3.1.A and 3.1.B show that
62.6% made up of Eagleview and Menahga soils and Zimmerman loamy fine sand which are
excessively drained with rapid soil permeability. This research shows that the non-remediated
soil continues to contribute to the groundwater pollution as precipitation leads to the pollution in
the soil to leach into the groundwater.
Recommendations for Further Study
Remediation at the St. Regis Site has been treating soil pollution and groundwater
pollution as separate issues. However, this study has shown that the polluted soil is contributing
to the groundwater pollution and should be considered before taking further remedial actions.
One way is by including streamflow data derived from the topography for the Superfund
Boundary area. The surface topology of the land should be considered before creating more
extraction wells at the St. Regis Site. New technology, such as mapping drones, could be used to
obtain more accurate imagery than the One Meter Digital Elevation DEM LiDAR imagery used
in this study. Mapping drones and LiDAR technology can be costly, however some red, green,
and blue (RGB) cameras with Structure from Motion (SFM) capabilities can approximate an
effect similar to LiDAR at a more affordable price. Appendix K, UAS for Wetland Mapping and
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Hydrological Modeling (Jeziorska, 2019), is a comprehensive article about drone and remote
mapping technologies that are particularly useful for hydrological modeling.
It is recommended that surface water models be created in addition to continually
improving the groundwater models for the St. Regis Site. Considering the soil types and soil
characteristics such as soil drainage, soil permeability, soil water capacity, soil surface runoff,
and average infiltration rate could improve the accuracy of the ground water models and the
future surface water model. It is recommended that a new soil survey for the St. Regis Site be
conducted to ensure the most accurate data soil types and characteristics are known. IP and
Barr’s 2016 groundwater model did have an appendix with a small-scale reverse particle tracking
of pollutants. Data should be found about how pollutants like dioxins, furans, and PAH
chemically interact with the various soil types at the St. Regis Site.
Greater knowledge of how continuous the confining layer between aquifers is would help
knowledge of groundwater flow and pollution flow at the site. In addition, it is recommended
that monitoring wells be installed in areas of DNAPL pollution concentration. These wells could
provide data about the slow dissolution of the pollutants over time.
The final recommendation is to consider other methods of groundwater and soil
remediation at the St. Regis Site. Technology and remedial capabilities have improved greatly
since 1984. There are many more options for remediation and some that are much more
affordable than the pump and treat method. As mentioned in the Site Remediation Documents
2015 section, the LLBO and the Pacific Groundwater Group, the highly expensive pump and
treat method has not met remediation goals where remediation methods such as excavation,
thermal treatment, and fixation are less expensive and more effective. In addition, planting some
kinds of vegetation can help remove toxins from soil. All of these options should be investigated

143
and considered to create remediation that will be effective at protecting human health and the
environment at the St. Regis Paper Company Superfund Site.
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Appendix A: Acronyms and Abbreviations
AOC

Administrative Order on Consent

ARAR

Applicable or Relevant and Appropriate Requirement

ASAOC

Administrative Settlement Agreement and Order on Consent

ATSDR

United States Agency for Toxic Substances and Disease Registry

BaPE

Benzo(a)Pyrene-Equivalents

Barr

Barr Engineering Company

BNSF

Burlington Northern Santa Fe Railway Corporation

CDDs

Chlorinated Dibenzo-p-dioxins

CDFs

Chlorodibenzofurans

CERCLA

Comprehensive Environmental Response, Compensation, and Liability Act

Champion

Champion International Corporation

COCs

Contaminants of Concern

Creosota

Creosote

Cum. CR

Cumulative Cancer Risk

DNAPL

Dense Non-Aqueous Phase Liquid

DEM

Digital Elevation Model

EPA

United States Environmental Protection Agency

ESRI

Environmental Systems Research Institute

GAC

Granular Activated Carbon

GFSM-GFMAA Groundwater Flow Simulation Modeling - Groundwater Flow Model
Application Assessment
GIS

Geographic Information Science
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GPR

Ground Penetrating Radar

gSSURGO

Gridded Soil Survey Geographic Database

HCZ

Hydraulic Capture Zone

HHERA

Human Health and Ecological Risk Assessment

IARC

International Agency for Research on Cancer

ICIAP

Institutional Control Implementation and Assurance Plan

ICs

Institutional Controls

IP

International Paper Company

LiDAR

Light Detection and Ranging

LLBO

Leech Lake Band of Ojibwe

LLDRM

Leech Lake Division of Resource Management

LLHSCA

Leech Lake Hazardous Substances Control Act

LNAPL

Light Non-Aqueous Phase Liquid

MCL

Maximum Contaminant Level

MCT

Minnesota Chippewa Tribe

MDH

Minnesota Department of Health

MEDD

Minnesota Enforcement Decision Document

MLAEM

Multi-Layer Analytic Element Model

MPCA

Minnesota Pollution Control Agency

NAPL

Non-Aqueous Phase Liquid

NCP

National Contingency Plan

NPL

National Priorities List

NRCS

Natural Resources Conservation Service
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OUs

Operable Units

PAHs

Polycyclic aromatic hydrocarbons

PCBs

Polychlorinated Biphenyls

PCPs

Pentachlorophenols

PCDDs

Polychlorinated dibenzo-p-dioxins

PCDF

Polychlorinated dibenzofurans

PRPs

Potentially Responsible Parties

PRGs

Preliminary Remediation Goals

RA

Response Action

RAL

Recommended Allowable Limits

ROD

Record of Decision

RPM

Remedial Project Manager

RSE

Removal Site Evaluation

St. Regis Site

St. Regis Paper Company Superfund Site

TBCs

To Be Considered criteria

TCDD

2,3,7,8-Tetrachlorodibenzodioxin

TEF

Toxicity Equivalence Factors

TEQDF

Toxic Equivalency Quotients for Dixoin-Furan

UAO

Unilateral Administrative Order

USDA

U.S. Department of Agriculture

USGS

United States Geological Survey

VAS

Vertical Aquifer Sampling
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